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PROCEEDINGS 


AMERICAN  PHILOSOPHICAL  SOCIETY'. 


Vol.  XIV.  1874.  No.  92. 


Stated  Meeting^  January  2d^  1874. 

Present,  14  members. 

Vice-President,  Mr.  Fraley,  in  the  Chair. 

A  letter  announcing  the  death  of  Dr.  Carl  F.  Naumann 
was. received  from  Dr.  Ernst  Naumann,  dated  Dresden, 
Dec.  4th,  1873. 

A  letter  requesting  information  was  received  from  Capt. 
J.  Herschel,  dated  21  Sumner  place,  Brompton,  London,  W. 

A  letter  respecting  copies  of  Mr.  Henry  Dextcr's  bust  of 
Agassiz  was  received,  dated  Cambridge,  Dec.  18th,  1873. 

A  letter  requesting  the  completion  of  series  of  the  Trans- 
actions and  Proceedings  was  received  from  the  Secretary  of 
the  K*  K.  Geologische  Reichsan^talt,  dated  Vienna,  Sept. 
^Oth,  1873. 

On  motion,  the  request  of  the  Institute  was  granted,  and 
the  missing  parts  of  the  series  ordered  to  be  sent. 

Letters  of  envoy  were  received  from  the  Prince  Jablon- 
owski  Society  at  Leipsig,  dated  Aug.  12th,  1873,  and  from 
the  Department  of  the  Interior  at  Washington,  dated  Dec. 
22d,  1873. 

Donations  for  the  Library  were  received  from  the  Academia 
del  Lincei ;  the  Geological  Institute  at  Vienna  ;  the  Prince 
Jablonowski  Society  ;  the  German  Geological  Society  ;  the 
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Revue  roliti<(ue;  London  Nature;  the  Royal  Geographical 
Society ;  th'(i$f6va  Scotian  Institute ;  the  Boston  N.  H.  Society ; 
Cambricfger.Museura ;  Prof.  O.  C.  Marsh  ;  the  Connecticut 
Acadeiiiy;' Commissioners  of  Fisheries  of  New  Jersey;  Penn 
Monthly";  Medical  News ;  Mr.  Geo.  W.  Childs ;  the  U.  S. 
Objef  of  Engineers ;  Librarian  of  Congress ;  and  Wisconsin 
IJistbrical  Society. 
.'/.The  death  of  Prof.  Carl  Naumann,  at  Leipsig,on  the  26th 
•-•[•November,  1873,  was  announced. 

Prof  Cope  stated  that  the  species  figured  and  described 
"  fby  Prof.  0.  C.  Marsh,  in  a  paper  received  for  the  Library 
to-night,  under  the  name  of  Brontotherium  ivgens^  is  the 
one  described  by  himself  under  the  name  of  Syrnborodoji 
trigonoceraSy  in  the  Synopsis  of  Extinct  Vertebrata  of  Colo- 
rado, issued  in  October,  1873,  by  thelJ.  S.  Geological  Survey 
of  the  Territories. 

Pi'ofessor  Frazer  said :  "  A  few  meetings  ago  I  referred  to 
the  fact  that  the  white  color  ot  the  moon  by  day  was  due 
to  the  fact  that  the  dispersed  blue  light  of  the  sun  just 
supplied  the  dispersed  blue  light  of  the  moon,  and  I  suggested 
that  the  solar  origin  of  these  otherwise  missing  rays  might 
be  demonstrated  by  choosing  the  first  or  third  quartering  of 
the  moon  (when  lines  joining  the  sun  and  earth,  and  the 
earth  and  moon,  meet  nearly  at  right  angles),  and  regarding 
the  moon  through  the  Nicols  prism.  As  under  these  circum- 
stances the  solar  light  would  be  polarized,  a  change  between 
white  and  yellow  ought  to  be  perceived.  The  experiment 
bore  out  this  hypothesis,  although,  owing  to  the  perfect 
reflection  from  suspended  particles  of  greater  size  than  those 
which  reflect  the  blue  light,  the  color  was  not  a  perfect 
yellow." 

Professor  Lesley  exhibited  a  recently  executed  large  manu- 
script map  of  a  hundred  square  miles  of  the  surface  of  Centre, 
Huntingdon,  and  Blair  Counties,  in  Middle  Pennsylvania, 
with  three  vertical  sections  crossing  the  district — one  along 
the  Little  Juniata  River ;  another  two  miles  further  east, 
along  Warrior  Run;  and  a  third  five  miles  further  east. 


along  Half  Moon  Rua. '  Tlioae  seetionei  extend  acroaa  the 
Valley  of  Lower  Silurian  Limeetone,  with  beds  of  brown 
hematite  iron-ore,  and  across  the  bounding  mountains  of  the 
Middle  Silurian  Sandstone,  Bald  Eagle  Mountain  on  the 
west,  and  Tuseey  Mountain  on  the  east,  the  great  anticlinal 
upthrow  of  Bellefont  being  seen  in  aU  three  sections  at  the 
east  foot  of  Bald  Eagle  Mountain,  the  Limestones  dippii^ 
east  away  from  the  fault  at  a  uniform  dip  q{  about  H^. 

He  then  explained  the  theoretical  difficulties  which  have 
hitherto  beset  the  dyniimie  questions  raised  by  a  phenomenon 
of  this  kind,  an  overthrown  and  faulted  anticlinal;  capeei- 
ally  the  question  why  a  dip  of  just  above  54^  should  follow 
one  side  of  the  &ult  for  many  miles,  when  the  rock»  on  the 
other  side  of  the  &ult  stood  yerticaL 

Thii»  question  he  thought  he  had  j  ust  succeeded  in  settling 
by  a  discovery  which  resulted  from  the  construction  of  a 
fomrtii  section,  which  he  exhibited,  extending  from  the  Bald 
Eagle  Mountain  westward  to  the  summit  of  the  Alleghany 
Mountain,  taking  in  the  vertical  Middle  Silurian  rocks,  the 
steeply  inclined  Upper  Silurians,  the  Devonians  dipping 
regularly  less  and  less  (from  28°  to  8°  where  observed  at 
difterent  points  along  the  section),  and  the  almost  horizontal 
Lower  Coal  Measures  at  the  summit  of  the  Alleghany 
Mountain. 

By  a  system  of  co-ordinates,  the  exact  curve  of  the  up- 
throw on  the  western  side  of  the  Great  Fault  was  displayed, 
using  the  observed  dips  along  the  line  of  section  as  elements 
of  construction.  The  country  west  of  the  dip  of  16°  was  as- 
sumed to  be  in  its  original  condition.  East  of  this  point,  or 
of  the  "hypothetical  limit  of  stability,"  the  steeply  upturned 
strata  were  supposed  to  slide  upon  each  other  with  a  shear- 
ing motion.  The  basset  edges  of  the  vertical  strata  must  be 
considered  as  rising  in  steps  above  each  other  westward  at 
the  plane  of  fault,  the  slope  thus  obtained  facing  the  east, 
many  thousand  feet  in  the  air,  over  the  Bald  Eagle  Mountain. 

On  calculating  the  angle  of  this  slope,  which  is  not  a  per- 
fect plane,  but  a  slightly  curved  surface,  it  turned  out  to  be 


an  angle  of  51°  high  up,  52°  lower  down,  58°  just  over  the 
the  mountain,  and  still  steeper  where  it  descended  to  the 
present  surface  of  the  country,  that  is,  along  the  line  where 
the  vertical  rocks  are  covered  by  the  limestones  dipping 
uniformly  about  54°. 

It  seems  impossible  to  resist  the  conclusion  that  this  dip 
of  54°  shows  that  the  whole  mass  of  Palaeozoic  formations 
on  the  east,  about  20,000  feet  thick,  rose  and  rode  up  the 
plane  formed  by  the  basset  edges  of  the  mass  upturned 
vertically  on  the  western  side  of  the  fault,  and  rested  thereon 
at  an  angle  due  to  the  bevel  of  the  western  mass,  a  bevel 
geometrically  determined  by  the  shearing  movement  among 
the  members  of  the  upcurved  western  mass. 

Mr.  Lesley  considered  the  discovery  of  much  importance 
for  structural  geology,  and  that  it  may  prove  to  be  the  first 
real  step  towards  a  satisfactory  conclusion  respecting  the 
slope,  or  underground  (and  in  the  air)  angle,  of  great  faults  ; 
also  proving  the  negative  against  a  common  belief  that  the 
great  anticlinals  of  disturbed  regions  must  be  reconstructed 
in  air  sections  as  if  gaping.  It  lends  great  support  also  to 
the  doctrine  of  vast  erosions,  a  doctrine  taught  by  Pennsyl- 
vanian  geologists  for  many  years,  and  more  recently  contended 
for  by  Jukes,  Ramsay,  Geikie,  and  other  advanced  geolo- 
gists abroad,  on  unimpeachable  and  irresistible  evidence. 

The  report  of  the  Judges  and  Clerks  of  the  Annual 
Election  was  read,  by  which  it  appeared  that  the  following 
officers  and  members  of  Council  had  been  elected : 

President^ 
George  B.  Wood. 

Vice-Presidents^ 
John  C.  Cresson,  Isaac  Lea,  Frederick  Fraley. 

Secretaries^ 

Cliarles  B.  Trego,  E.  Otis  Kendall,  John  L.  LeCont^, 
J.  P.  Lesley. 


♦  '  Qmneillors  to  serf)e  three  yearsj 

'  Ifl^aae  Hays,  Bob^rt  E.  Rogers,  Henry  C.  Carey,  Robert  ^ 

Bridges. 

CunatarSj 

Joseph  Garscm,  Heotor  Tyndale,  Charles  M;  Cresson. 

JVeasurerj 

Charles  B.  Trego. 

Iff.  Lesley  was  nominated  Librarian  for  the  ensuing  year. 
P^mding  nominations  Nos.  740,  741,  742,  748,  744  were 
read. 
And  the  meeting  was  adjourned. 


Stated  Meeting,  January  IBth,  1874. 

Present,  15  members. 
Secretary,  Prof.  Trego,  in  the  Chair. 

A  letter  accepting  membership  was  received  from  Dr. 
Franz  Joseph  Lauth,  Prof.  Accad.  Conservator,  dated 
Manich,  Blumenstrasse,  No.  2413  rechta,  Dec.  16th,  1873 
(see  printed  Proceedings). 

Letters  of  envoy  were  received  from  the  Greenwich  Ob- 
servatory, Dec.  Slst,  Royal  Institution,  Liverpool,  Dec.  Ist, 
and  the  Soci^te  Rationale  des  Sciences  Natu relies  de  Cher- 
bourg, Sept.,  1873. 

On  motion,  the  last-named  society  was  placed  on  the  list 
of  corresponding  societies  to  receive  the  Proceedings. 

Donations  for  the  Library  were  announced  from  the  Royal 
Prussian  Academy ;  the  Geographical  and  Anthropological 
Societies  of  Paris  ;  Ecole  des  Mines ;  Revue  Politique ;  San 
Fernando  Observatory ;  National  Society  of  Science  at  Cher- 
bourg ;  and  Mr.  Le  Jolis ;  the  Society  of  Physics  at  Bordeaux ; 


R.  Astronomical,  Qcographical,  and  Antiquarian  Societies  in 
London ;  the  editors  of  Nature ;  the  Geological  Society  in 
Glasgow  ;  Boston  S.  N.  H. ;  Mr.  W.  E.  Dubois  ;  American 
Academy  of  A.  and  S. ;  American  Journal  of  A.  and  S. ; 
Prof.  F.  L.  0.  Roehrig ;  American  Journal  of  Pharmacy  ; 
Mr.  J.  W.  Nystrom  ;  and  the  Chief  of  Engineers,  U.  S.  A. 
The  Committee  appointed  to  draft  a  minute  of  the  death 
of  Professor  Agassiz  presented  the  following  report,  which 
was  adopted : 

The  Committee  to  whom  was  intrusted  the  duty  of  pre- 
paring resolutions  expressive  of  the  sorrow  felt  by  the  mem- 
bers of  this  Society  for  the  death  of  their  distinguished 
fellow-member,  Louis  John  Rudolph  Agassiz,  respectfully 
report  the  following  minute  to  be  placed  upon  the  records  : 

In  removing  the  name  of  Professor  Agassiz  from  its  list 
of  living  members,  the  American  Philosophical  Society  loses 
one  of  its  most  valued  connections  with  the  active  world  of 
science.  But  this  name,  transferred  to  the  list  of  thedeparted, 
will  always  stand  upon  its  records  to  its  honor  as  an  associ- 
ation of  men  of  many  nationalities  for  the  promotion  of 
useful  knowledge. 

Of  such  men  Louis  Agassiz  was  a  conspicuous  leader,  a 
powerful  coadjutor,  a  genial  and  inspiring  companion.  The 
loss  lamented  by  this  Society  is  keenly  felt  in  every  part 
of  Christendom.  His  investigations  have  been  pursued  in 
80  many  regions  of  modern  research,  that  scientific  men  in 
all  branches  sympathize  with  one  another  at  his  death. 
Great  as  a  Comparative  Zoologist,  he  was  specially  unrivaled 
as  an  Ichthyologist.  He wasprofoundly  versed  in  the  science 
of  the  beginnings  of  life  He  was  the  accepted  expositor  of 
glacial  phenomena  in  their  geological  connections.  His 
collections  were  made  on  an  unprecedented  scale  of  grandeur, 
and  studied  with  boundless  ardor,  wisdom  and  success.  He 
knew  how  to  induce  civilians  and  legislators  to  a  noble  dis- 
charge of  their  obligations  to  physical  science.  He  knew 
how  to  train  original  investigators  in  their  youth,  brighten 
their  hopes,  and  enliven  their  aspirations  in  riper  years;  tiding 
them  safely  over  the  shoals  of  literary  vanity  and  scientific 
ambition,  and  inspiring  them  with  a  loftier  enthusiasm  for 
truth  itself.  Coming  to  a  new  world  as  an  Apostle  of 
Original  Investigation,  every  man  of  science  in  America 
sooner  or  later  felt  the  influence  of  his  presence.  He  charmed 


i£bj:|ii8  manners;  he  endeared  himself  to  all  by  his  frank 
ao4  g^ial  spirit ;  he  awed  the  rash  and  fortified  the  timid ;  h^ 
hound  ;^e  leaders  together,  and  gave  laws  to  their  followers ; 
he  spreaa  the  love  of  nature  through  classes  of  society  which 
ha^  been  insensible  to  its  influence  before;  and  as  he  lived, 
so  he: died,  devising  and  executing  new  measures  for  laying 
a  solid  fonndi^ion  for  American  science  in  the  heart  of  the 
American  people.  His  death  is,  thereforcf^  a  national  bereave- 
ment.^ 

liiis  Society  would  tender  for  the  acceptance  of  the  family 
and  intimate  friends  of  Professor  Agassiz  this  solace :  the 
conviction  that  his  &me  will  stand  with  that  of  the  great 
disoovejserB,  investigators,  teachers  and  inspirers  of  past  and 
fiitaie  ^^erations,  and  the  assurance  which  we  here  express, 
that;,  in,^ur  belief,  no  man  of  science  could  have  lived  a 
more  naVl^  and  useful  life. 

.  '^tqfymor  Houston  communicated  a  Ifote  on  a  Supposed 
AUotropic  Modification  of  Phosphorus.  (See  Proceedings). 

Bfofessor  Cope  illustrated  with  drawings  and  specimens 
his  riews  of  the  comparative  osteology  of  the  camel  and 
other  artiodactyles,  living  and  extinct,  and  concluded  his 
remarks  with  a  discussion  of  the  Cretaceous  age  of  the 
lignite  and  coal  formations  of  the  Rocky  Mountains.  (See 
Proceedings.) 

Dr.  LeConte  expressed  his  gratification  that  his  own 
views  of  the  age  of  this  formation,  published  some  years  ago, 
were  now  receiving  such  powerful  support. 

Mr.  Lesley  was  appointed  Librarian  for  the  ensuing  year. 

The  Standing  Committees  for  the  year  were  voted  as 
follows : 

Finance^ 

Messrs.  F.  Fraley,  E.  K.  Price,  and  B.  V.  Marsh. 

Publication^ 

Messrs.  Trego,  Carson,  W.  M.  Tilghman,  II.  C.  Baird, 
and  C.  M.  Cresson. 

Hall, 
Messrs.  Tyndale,  Hopper,  and  8.  W.  Roberts. 


Library^ 
Messrs.  Coates,  E.  K.  Price,  Carson,  Krauth,  and  Whitman. 

On  motion,  the  reading  of  the  list  of  surviving  members 
was  postponed. 

Pending  nominations  Nos.  740,  741,  742,  743,  744  were 
read,  spoken  to,  and  balloted  for,  and  the  following  declared 
duly  elected  members  of  the  Society  : 

Mr.  Joseph  M.  "Wilson,  C.  E.,  of  Philadelphia. 

Dr.  Wm.  11.  Wahl,  Sec.  Franklin  Inst.,  Philadelphia. 

Mr.  I.  A.  Lapham,  State  Geologist  of  Wisconsin. 

Dr.  Hermann  Kolbe,  of  Leipsig,  Prof  Chem.  University. 

Mr.  J.  K  Wootten,  M.  K,  of  Reading,  Pa. 

And  the  meeting  was  adjourned. 


Stated  Meeting^  February  6th^  1874. 

Present,  10  membei's. 

Dr.  Le  Ck)NTE,  Secretary,  in  the  Chair. 

Letters  accepting  membership  were  received  from  Mr. 
I.  A.  Lapham,  dated  Milwaukee,  Wis.,  Jan.  27th,  1874 ; 
Mr.  Jos.  M.  Wilson,  dated  Philadelphia,  Jan.  2l8t,  1874 ; 
and  Dr.  Wm.  H.  Wahl,  dated  Philadelphia,  Jan.  22d,1874. 

A  letter  enclosing  a  photograph  was  received  from  Dr. 
Ed.  Jarvis,  dated  Dorchester,  Mass.,  Jan.  28th,  1874. 

Letters  of  envoy  were  received  from  Mrs.  Isabella  James, 
dated  Cambridge,  Mass.,  Jan.  6th,  1874,  and  Boston  Nat. 
Hist.  Society,  dated  Boston,  Jan.  22d,  1874.     (88,  89,  80.) 

Donations  were  received  from  the  R.  Academies  at  Turin 
and  Brussels ;  the  Geographical  Society  in  Paris ;  the  R. 
Astronomical  Society,  and  London  Nature ;  the  Essex  Insti- 
tute ;  the  Museum  of  Comparative  Zoology  in  Cambridge  ; 
Mrs.  Isabella  James,  of  Cambridge;  the  Boston  Public 
Library  ;  Dr.  Jarvis,  of  Dorchester ;  the  American  Journal 
of  Arts  and  Sciences ;  the  American  Chemist ;  American 
Journal  of  the  Medical  Sciences ;  Med.  News  and  Library 


Franklin  Institute ;  American  Journal  of  Pharmacy  ;  Penn 
Monthly ;  the  Department  of  the  Interior ;  the  California 
Academy  of  Natural  Sciences ;  and  Prof.  S.  S.  Ilaldeman. 

Prof.  Cope  offered  for  publication  in  the  Transactions  a 
paper  entitled,  "  A  Supplement  to  the  Extinct  Batrachia 
and  Reptilia  of  North  America." 

On  motion,  the  paper  was  referred  to  a  Committee,  con- 
sisting of  Prof.  Leidy,  Dr.  Newberry,  and  Mr.  Lesley. 

Dr.  Genth  communicated  som0  valuable  results  of  recent 
analyses  of  limonites  and  limestones  of  the  Lower  Silurian 
district  of  Centre,  Blair,  and  Huntingdon  Counties,  Penn- 
sylvania.   (See  page  84.) 

Mr.  Lesley  communicated  the  results  of  his  recent  topo- 
graphical and  structural  study  of  the  same  district. 

Prof.  Chase  developed  some  views  of  the  relationships 
existing  between  the  velocity  of  light  waves  in  ether,  and 
the  velocities  of  the  sun  and  planets,  entitled,  "  A  note  on 
the  Origin  of  Attractive  force.  Identifying  the  Velocity  of 
Primitive  Gravitating  Impulse  with  the  Velocity  of  Light." 

New  nominations  Nos.  745,  746,  and  747  were  read. 

And  the  meeting  was  adjourned. 


Stated  Mc.etlngy  February  20th,  1874. 

Present,  18  members. 

Vice-President,  Mr.  Fraley,  in  the  Chair. 

Mr.  Wootten,  a  newly  elected  member,  was  introduced  to 
the  presiding  officer,  and  took  his  seat. 

A  letter  of  envoy  was  received  from  the  American  Insti- 
tute of  Mining  Engineers,  dated  Feb.  12th,  1874. 

Donations  for  the  Library  were  received  from  the  R. 
Prussian  Academy  ;  Revue  Politique  ;  London  Nature  ;  Mr. 
A.  J.  Packard,  Jr. ;  Boston  Soc.  N.  H. ;  New  York  Lyceum ; 
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Franklin  Institute ;  American  Chemist ;  American  Institute 
of  Mining  Engineers ;  Department  of  the  Interior,  U.S. ;  and 
Mr.  G.  R.  Crotch,  of  Cambridge,  Eng. 

The  Committee  to  which  was  referred  the  paper  of  trof. 
Cope,  entitled,  "Supplement  to  the  Extinct  Batrachia,"  Ac, 
reported  in  favor  of  its  publication  in  the  Transactions; 
which,  on  motion,  was  so  ordered. 

The  death  of  Dr.  Wm.  Proctor,  February  10th,  at  Phila- 
delphia,  aged  57,  was  announced  by  the  Secretary. 

Dr.  Cresson  exhibited  the  action  of  Thompson's  Calori- 
meter, and  stated  the  close  coincidence  of  its  results  with 
those  obtained  by  trial  trips  on  the  Pennsylvania  Railroad. 

Dr.  Cresson  exhibited  the  triangular  piece  of  galvanized 
iron,  once  the  pinnacle  of  a  cowl  on  the  roof  of  a  building 
struck  with  lightning.  The  point  had  been  melted  and 
elongated  upwards  and  inclined  towards  an  approaching 
cloud,  into  which  the  discharge  from  the  earth  through  the 
building  took  place. 

The  minutes  of  the  last  meeting  of  the  Board  of  Officers 
and  Members  in  Council  were  read. 

Pending  nominations  Nos.  745,  746,  747  were  then  read. 

Mr.  Fraley  reported  that  he  had  received  the  last  quarterly 
interest  on  the  Michaux  legacy,  due  January  1st,  through 
Drexel  and  Co. 

Mr.  Price  reminded  the  Society  that  half  of  the  interest 
is  appropriated  by  act  of  the  Society  to  the  planting  of  the 
Michaux  grove.  During  1873  about  $300  has  been  spent  in 
setting  out  about  100  foreign  varieties  of  oak  procured  by 
Prof.  Cresson. 

Dr.  LeConte  suggested  the  future  planting  of  such  trees 
within  the  Zoological  Grounds. 

Dr.  Horn  stated  that  many  of  the  foreign  trees  had  already 
succumbed  to  the  attacks  of  native  parasites,  two  varieties 
of  larvae  having  been  submitted  to  his  inspection  by  the 
Chief  of  Park  Police. 

Dr.  LeConte,  referring  to  the  well  known  fate  of  our 
foreign  sycamores  and  lindens,  urged  the  necessity  of  plant- 
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ing  trees  with  the  side  to  the  sun  which  had  been  so  situated 
in  their  native  sites,  and  under  similar  conditions  of  growth 
otherwise,  so  as  to  reinforce  their  resisting  powers. 

Proil  Cope  informed  the  meeting  that  Prof.  Orton's 
expedition  to  the  Upper  Amazon,  organized  at  Yassar  Col* 
I^^  New  York,  had  returned  with  copious  collections, 
zoological,  botanical,  mineralogical  and  archsBological,  hav- 
ing reached  17®  S.  latitude. 

The  meeting  was  then  adjourned. 


Stated  Meeting,  Mai^h  6th\  1874. 

Present,  11  members. 

Secretary,  Prof.  Kbndall,  in  the  Chair. 

Donations  for  the  Library  ^were  reported  from  the  Societies 
at  Moscow,  Upsal,  Gorlitz,  Emden,  Erfurt,  Frankfort  on 
Main,  Chemnitz,  Bonn,  Geneva,  Liverpool,  Bath,  and 
Madison,  Wis. ;  from  the  Academies  at  Berlin,  Vienna, 
Brussels;  from  the  Observatories  at  St.  Petersburg  and 
Upsal ;  from  the  Geological  Institute  at  Vienna ;  School  of 
Mines,  and  Revue  Politique  at  Paris  ;  Society  of  Arts  and 
Institutions  in  Union,  Astronomical  Society,  and  Meteoro- 
logical Office  in  London,  London  Nature ;  Prof.  Cooke,  of 
Cambridge ;  Public  Library  of  New  Bedford ;  Silliman's 
Journal ;  Journal  of  Pharmacy ;  Penn  Monthly,  Deaf  and 
Dumb  Institute,  Hospital  for  the  Insane,  House  of  Refuge 
in  Philadelphia ;  U.  S.  War  Department ;  and  Mr.  George 
Davidson. 

Dr.  Allen  oftered  for  publication  in  the  Transactions  a 
memoir  entitled  "  Life  Forms  in  Art,"  with  many  illustra- 
tions, and  described  the  subject  and  its  treatment. 

On  motion,  the  paper  was  referred  to  a  Committee  con- 
sisting of  Mr.  Whitman,  Prof.  P.  E.  Chase,  and  Dr.  Brinton. 


12 

The  Secretary  exhibited  a  round  bar  of  cast  phosphorus- 
broiize,  left  for  that  purpose  in  his  care  by  Mr.  Hector  Orr, 
who  reported  it  broken  under  a  tensile  strain  of  63,000  lbs. 
to  the  square  inch.  Its  diameter  at  the  place  of  fracture 
was  slightly  diminished.* 

Mr.  Marsh  read  a  communication,  illustrated  by  diagrams, 
entitled,  "  The  Luminosity  of  Meteors  due  to  Latent  Heat." 

Pending  nominations  Nos.  745  to  747,  and  new  nomina- 
tions 748,  749,  were  read. 

And  the  meeting  was  adjourned. 


Stated  Meeting^  March  20th,  1874. 

Present,  12  members. 

Vice-President,  Mr.  FiCaley,  in  the  Chair. 

A  letter  accepting  membership  was  received  from  Dr. 
Hermann  Kolbe,  dated  Leipsig,  Feb.  15th,  1874. 

Letters  acknowledging  the  receipt  of  Proceedings  were 
received  from  Dr.  Renard  and  the  Public  Museum  at  Moscow, 
June  26,  1672,  Jan.  1,  1871  ^86);  Dr.  Stralkowski,  St. 
Petersburgh,  July  1st.  1872  (86) ;  Prof.  A.  Braun,  Neuschon- 
bron,  Berlin,  Oct.  12th,  1873  (88,  89) ;  the  R.  S.  Upsal,  Nov., 
1873  (86,87,88,89);  the  K  H.  S.,  Emden,  Oct  15,  1878 
(88) ;  Prof.  Sandberger,  Wurtzburg,  Nov.  12th,  1873  (88, 
89) ;  the  Miinich  Observatory,  Dr.  W.  V.  Lament,  Dec.  6, 
1873  (88,  88) ;  R.  Library,  Munich,  Jos.  Aumer,  Dec,  1873 
(88,  89) ;  R.  Soc.,  Gotteugen,  Oct.  4th,  1878  (88,  89) ;  N.  H. 
Ass.,  Bremen,  Oct.  31,  1878  (88,  89);  Prof.  Loomis,  N. 
Haven,  March  14th,  1874  (90,  91);  N.  Y.  Hist.  Soc.,  G.  H. 

«  Original  diameter  of  bolt  (olrcalar)  .75  Inch ;  original  area,  .4417  In. ;  reduced  area 
at  breaking  point,  .3C67  in. ;  strain  on  bolt  at  breaking,  19,S50  lbs.  ==  ftS.lOO  lbs.  per 
■quare  inch.  Alloy  of  tin  10,  copper  90,  lesa  pbospboruB,  whloh  Is  found  to  give  useful 
properties  within  the  limlta  of  2.ft  and  0.1  per  oent. 
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Moore,  March  14th^  18T4  (91) :  atid  many  postal  card  receipts 
for  91,  the  number  recently  piibliehed. 

Letters  of  envoy  were  ^^ceived  front  t\w  IL  S-,  Upgal» 
Nor.,  1873 ;  the  I,  Acad*,  Vienna,  Oct  2l8t,  187a ;  the  R, 
Library  at  Miinichj  Dec,  1873 ;  the  S.  P  et  H.  K,,  Geneva, 
Sept,  16th,  1873 ;  U.  S,  Naval  Obs.,  B,  F.  Sands,  Feb.  2l9t, 
1874;  C.  E  Oba,  St  Petersburg,  Jan,,  1874, 

A  letter  requesting  a  set  of  Proceedings  was  received  from 
the  Silesian  Society  for  Fatherland  Culture,  Breslau,  March 
5th,  1873* 

A  letter  with  three  photographic  pictures  of  Indian 
sculpture  was  received  from  Dr.  C,  H,  Stubbs,  WaTcefield^ 
Pa.,  purchased  by  the  Society. 

•*  These  pictures  are  taken  from  the  northern  face  of  a  rock 
in  tlie  Susquehanna  River,  near  Bald  Friar,  Md.,  on  which 
are  more  than  a  hundred  chamctei^*,  diagrams,  or  figures, 
supposed  to  have  been  carved  during  the  stone  age.  The 
K)ck  is  of  quartz,  mica,  and  anthophyllite*  Dimensions  of 
figures  12  >  6  and  10  x  B  inches*  Photographed  in  July, 
1871.  Set«  in  the  Maryland  Academy  of  Sciencej  Lancaster 
Ltnna^an  Society,  and  Philadelphia  Acailemy  of  Natural 
Sciences.** 

Donations  for  the  Librarv  were  received  from  the  R,  Obs^, 
Turin;  Mun,  Govt*  at  Linz;  R»  Acad,  and  Obs,,  MihrR*h; 
•L  Acad.,  Berlin  ;  R.  S,  Melbourne  ;  Geog.  8,,  Paris;  lievue 
Pol, ;  London  Nature ;  Mr.  W,  J.  Henwood,  Truro ;  the 
American  Acad,,  Boston  ;  Fmnklin  Institute ;  Acad,,  N.  S.  j 
Am,  diemist ;  Medical  News  ;  U.  8,  N*  Obs. ;  Wisconsin 
Aead.  Sciences;  and  Minnesota  Ilistorical  Society. 

The  death  of  Charles  Sumner,  Senator  U*  S,,  at  Washing- 
ton, March  12thj  aged  63,  was  announced  by  the  Secretary. 

Tlie  death  of  M,  C.  Quetelet,  pfere,  at  Brussels,  Monday, 
Feb-  lt)th,  1873,  ai^ed  77,  was  announced  hy  the  Secretary. 

Prof,  C>ope  comnumicate^l  some  facts  revealed  by  Lieut. 
Wlieeler's  last  year's  explorations  on  the  100th  meridian,  in 
the  valley  of  the  great  Colorado,  and  described  some  new 
tjp^  of  living  fish  belonging  to  the  fresh-water  family  of 
Cyprinida?,  and  characterized  by  a  great  development  of  the 
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predorsal  fin  spine,  a  double  spine,  not  co-ossified.  Three  new 
types  were  described,  two  of  them  naked  of  scales,  and  the 
third  covered  only  with  rudimentary  scales. 

Prof.  Cope  communicated  a  short  note  entitled,  "  On  the 
Zoology  of  a  Temporary  Pool  on  the  Plain  of  Colorado." 

Mr.  Blasius,  of  Philadelphia,  present  by  invitation,  exhi- 
bited maps  and  pictures  of  the  tornado  of  August  22d,  1851, 
in  Cambridge  and  Medford,  Mass.,  and  described  his  survey 
and  study  of  the  same,  the  impossibility  of  applying  Red- 
field's  theory  except  to  its  central,  and  Espy's  to  its  ultimate 
track;  for  the  initial  division  another  explanation  was 
requisite.  This  led  him  to  the  study  of  the  general  pheno- 
mena attendant  upon  the  meeting  of  the  equatorial  and 
boreal  currents,  the  determination  of  the  shape  of  land  and 
ocean  gales,  the  use  of  clouds  snjxl  their  shapes  and  positions 
for  indicating  the  nature  and  position  of  approaching  storms, 
and  the  construction  of  practical  sailing  directions  for  vessels 
in  danger. 

Mr.  Briggs  said  that  he  happened  to  see  the  tornado 
referred  to,  and  gave  an  account  of  its  aspect,  efl:ects,  and 
the  part  of  the  track  which  he  afterwards  examined,  by 
which  he  was  led  to  the  conviction  that  it  was  locally  deter- 
mined, like  other  similar  storms,  by  the  low  ground  of 
Charles  River,  heated  to  an  unusually  high  temperature  in 
a  calm  day. 

Mr.  Lesley  replied  that  the  constant  eastward  movement 
of  these  tornados,  and  their  sometimes  immense  length, 
together  with  their  well  known  repeated  occurrence  along 
the  same  lines  of  country,  proved  them  items  of  an  extensive 
system  of  physical  conditions  in  the  atmosphere  on  the  shift- 
ing line  of  meeting  of  the  equatorial  and  polar  currents,  as 
Mr.  Blasius  had  so  well  described,  and  that  he  hoped  the 
acknowledged  defects  of  the  present  tornado  sailing  direc- 
tions would  be  corrected  by  those  indicated  by  the  theory 
of  Mr.  Blasius. 

Pending  nominations  Kos.  745  to  749,  and  new  nomina- 
tions 750,  751,  were  read. 

And  the  meeting  was  adjourned. 
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Stated  Meeting  April,  8rf,  1874. 

Present,  14  members. 
Mr.  Eli  K.  Price  in  the  Chair. 

Mr.  Snowden,  a  recently  elected  member,  was  presented 
to  the  presiding  officer,  and  took  his  seat. 

A  letter  was  received  from  Samuel  V.  Summers,  M.D., 
dated  New  Orleans,  March  26th,  1874. 

A  letter  was  received  from  Erastus  W.  Everson,  Sec.  and 
Lib.  Un.  8.  Carolina,  acknowledging  receipt  of  Proc.  No.  91. 

A  lithographed  letter  was  received  from  G.  Beck,Miinchen, 
March  22d,  respecting  Qemminger  and  Harold's  Cat.  Coleojv 
teorura. 

A  letter  inviting  discussion  of  J.  R.  Meyer's  doctrine  of 
heat  applied  to  gravity,  at  the  ensuing  meeting  of  the  D.  N. 
Versammlung,  was  received  from  five  conmiissioners  ajv 
pointed  at  the  last  meeting,  dated  Breslau,  March  5th,  1874. 

Donations  for  the  Library  were  received  from  the  Societies 
at  Erlangen  and  St.  Gall ;  the  R.  Acad,  at  Brussels ;  Paris 
Geog.  Soc.  and  Revue  Politique ;  London  Ast.  Soc.  and 
CobdenClub;  Essex  Listitute;  Sillinian's  Journal;  Prof.  W. 
P.  Trowbridge ;  New  England  Soc,  N.  Y. ;  Penn  Monthly ; 
Am.  Jour.  Pharmacy;  Dr.  R.  J.  Levis ;  Mr.  Isaac  Lea;  Mc- 
Calla  k  Stavely  ;  Maryland  Hist.  Society  ;  U.  S.  Dep.  of  the 
Interior;  TTniversity  of  S.  Carolina;  Minnesota  Academy  ; 
X.  S. ;  and  Mercantile  Lib.  Ass.,  San  Francisco. 

The  Committee  to  which  was  referred  the  memoir  of  Dr. 
Allen  on  Art  Forms,  reported  in  favor  of  its  publication  in 
the  Transactions. 

On  motion,  the  paper  was  referred  to  the  Publication 
Committee  to  report  on  the  propriety  of  publishing  it  with 
its  numerous  illustrations. 

The  death  of  Mr.  Joseph  Harrison  in  Philadelphia,  March 
27,  aged  64,  was  announced  by  the  Secretary,  and  on  motion, 
Mr.  Coleman  Sellers  was  appointed  to  prepare  an  obituary 
notice  of  the  deceased. 


Prof.  Chase  communicated  a  plan  of  Life  Insurance  (Com- 
panies, which  would  relieve  them  of  the  burden  of  canvassers. 

Dr.  LeOonte  expressed  the  wishes  of  the  officers  of  the 
U.  8.  Mint  to  have  the  council  and  advice  of  men  of  science  as 
to  the  best  device  for  a  commemorative  medal  of  Agassiz. 

The  subject  was,  on  motion,  referred  to  Dr.  LeConte,  Dr. 
Wilcox,  and  Mr.  Fairman  Rogers. 

Prof.  Haldeman  exhibited  a  coin  of  Sumatra,  found  in  a 
bag  of  coffee  in  Philadelphia.  On  one  side  was  the  legend, 
"  Island  of  Sumatra,  1804,"  on  the  other,  in  Malay,  "  sa  teng 
wang,"  one-half  piece,  and  used  it  to  illustrate  the  difficulties 
encountered  by  decipherers,  and  the  methods  of  overcoming 
them.     The  coin  he  gave  to  the  Mu&eum  of  the  Mint. 

Prof.  Houston  exhibited  sf>ecimens  of  an  apparently 
igneous  rock  from  the  banks  of  the  Schuylkill,  above  the 
Serpentine  quarries. 

Pending  nominations  No.  745  to  752  were  read. 

And  the  meeting  was  adjourned. 


Stated  Meeting,  April  17thj  1874. 

Present,  14  members. 

Vice-President,  Mr.  Fraley,  in  the  Chair. 

Mr.  Wilson,  a  lately  elected  member  of  the  Society,  was 
presented  to  the  presiding  officer,  and  took  his  seat. 

A  letter  was  received  from  Mr.  Coleman  Sellers,  accepting 
his  appointment  to  prepare  an  obituary  notice  of  the  late 
Mr.  Joseph  Harrison. 

Letters  of  acknowledgment  for  No.  92  of  the  Proceedings 
were  received  from  the  New  York  Lyceum  and  Salem 
Institute. 

Letters  of  envoy  were  received  from  the  Royal  Saxon 
Society,  dated  Leipsig,  November  18th  and  29th,  1873. 
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It  long  for  the  Library  were  received  tVoni  the  E, 
AsiatiQ  Societj  of  Japan,  at  Yokohama  ;  tlie  lioyal  Acad* 
ertiies  at  Coftenbagen,  Berlin,  Leipftig,  Gottengen ;  the 
Bocieties  at  Basil,  Salem,  Montreal;  the  Royal  Bavariaii 
Lihrnry,  the  Revue  Politique;  and  London  Nature;  the 
London  Royal  8.  >leteorologiml  Comniittee ;  Geographical, 
ClieinieaU  eitjlI  Zoc'dogiailSocietiei*;  Amhemt  College;  State 
Geologist  of  Ktivv  Jersey;  Franklin  Institute;  American 
Journal  of  the  Medical  Sciences ;  Medical  News  and  Library; 
American  PhannaccMitical  Society;  Prof,  EL  I),  Cof»e;  U.  S. 
Bepartment  of  the  Interior  ;  and  Prof  J.  Lawrence  Smith. 

The  R.  Asiatic  Society  of  Japan,  at  Yokohama,  was 
ordered  to  be  placed  on  the  list  of  correspondents  to  receive 
the  Prnceedinga 

The  Committee  to  which  was  referred  the  snbject  of  a 
proper  device  for  the  AgaesiE  medal,  ref ported  through  Dr. 
LeConte  that  they  had  considered  the  subject,  and  suggested 
a  device  to  the  officers  of  tlie  LT.  S.  Mint. 

At  Profl  Cope'«  request,  the  Secretary  exhibited  parts  of 
a  scull  of  Eobasileus  galeatun^  one  of  several  spiecimena 
obtained  by  Prof.  Cope  laat  year,  on  the  Bitter  Creek, 
Wyoming,  The  posterior  wall  of  the  cranium  is  in  this 
Bpeeimen  very  perfect,  and  retains  one  of  its  horns.  The 
two  middle  pair  of  horns  were  in  separate  fragments,  aa  also 
the  two  nasal  horu-cores. 

A  walrus  fonsil  cranium  from  Accomac  Harbor,  in  Vir- 
ginia, was  also  exhibited*  The  fnigmcnt  was  about  nine 
inches  long*  Three  w^ell-woru  teeth  remained  in  their 
sockets  on  the  side,  and  two  on  the  other  j  one  eoeket 
was  vacant  on  one  side,  and  two  on  the  other.  The  front 
margin  of  the  roof  of  the  mouth  was  [perfect,  and  both  sockets 
for  the  tusks*  The  nui^al  cavities,  separated  behind  and 
united  in  front  witli  the  purtitionj  were  well  ishown.  The 
fragment  terminated  with  the  front  wall  of  the  brain  cavity. 
The  whole  was  thorou^hlv  fossilized. 

This  ia  the  most  southern  specimen  of  walrus  yet  dis- 
covered on  the  Atlantic  coast,  and  must  have  been  washed 
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ashore  from  glacial  drift  bedded  beneath  the  actual  sea 
eands  of  the  Virginia  coast.  A  specimen  in  the  Museum  of 
the  Academy  of  Natural  Sciences,  at  Philadelphia,  was 
found  much  further  north,  on  the  New  Jersey  shore.  The 
discovery  of  fossil  walrus  in  Virginia  is  important,  as  indicat- 
ing the  extension  of  the  drift  deposits  further  southward 
than  was  supposed. 

Prof.  Chase  read  a  note  relative  to  Meyer's  theory  of  heat 
in  its  application  to  theories  of  gravitation,  and  explained 
the  present  attitude  of  the  discussion. 

Prof.  Fraser  explained  a  possible  improved  method  of 
notation  for  classifying  organic  compounds  in  chemistry, 
taking  the  compounds  of  carbon  as  a  theme  for  illustration. 

Pending  nominations  Nos.  745,  to  752  were  read,  spoken 
to,  and  balloted  for,  and  on  scrutiny  of  the  ballot-boxes  the 
following  were  declared  to  be  duly  elected  members  of  the 
Society : 

Dr.  William  Camac,  of  Philadelphia. 

Mr.  John  Coates  Brown,  of  Philadelphia. 

Mr.  Frank  Thomson,  of  Altoona,  Pa. 

Rev.  Robert  Ellis  Thompson,  of  the  University  of  Penn- 
sylvania. 

Mr.  J.  Norman  Lockyer,  of  England. 

Mr.  Richard  A.  Proctor,  of  England. 

Mr.  Raphael  Pumpelly,  State  Geologist  of  Missouri. 

Prof  Charles  A.  Young,  of  Dartmouth  College,  Hanover, 
New  Hampshire. 

And  the  meeting  was  adjourned. 
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Tom  Beown  Hematitb  Ore  Banks  of  Sprucb  CttttKK,  Wahiuoe'b. 
MjkUK  Hex,  A>'^D  Half  Moow  Run,  ik  Hunting i>oh  Ann  Ceirtrx 
Cottnties,   PENKsytvANiA,    Atoisa  Tar^  line  of  the    Ltiwusuuaa, 
Ckhtbe  Cou^Tif  AND  TvnoBis  Ratlboad. 


Bt  J*  P,  Lesley,  pRorza^toii  Oeoi<ogt,  Unitb»8JT¥  op  Pehha. 
iBtad^f^re  ike  Amerimn  PhikmpMcai  8&£M^^  Jan,  %  and  F«5.6,  Wli*} 

FEJiT.tiftNABT  Chapter, 

The  district  under  exam inMloiif  witli  au  aiea  of  about  one  hundred 
ftqiiai^  miles,  m  bounded  on  the  west  by  the  Bald  Eagle  >Iom>taii>,  on 
ibe  east  by^  TuJiftey  Mountain,  and  on  the  Boutb  by  tb©  Little  Juniata 
Mw6T^  and  the  Pennsylvania  Central  Railroad. 

The  Hiintingdan-Contre  County'line  crosies  it  tTansversely  from  inoun- 
talo  to  mountain.    The  Iluntingdon-Blair  County-Hne  follows  the  river. 

3|>ruo@  Creek  flows  aotithwurd  alonfi  the  foot  of  Tussey  Sloantain.  tts 
bmiclies,  Wnrrior^s  Mark  Run  and  Half  M*x>n  Run^  cross  the  country 
ttom  BaUl  Eagki  Mountain,  atoug  the  foot  of  which  iheir  bead  waters 
flow.  Logiitrii  f^in  llowa  at  the  foot  of  B^^ld  Eagle  Mountain  into  the 
Little  Ju»nalii  River  near  Tyrone.     See  large  Map* 

The  river  and  the  two  riina  afford  fine  opportunities  for  three  cross- 
seettou^  represented  in  figB.  1^  2  and  Ji,  Thefle  sectioufl  have  been  photo- 
litbof^rapbed  <like  tbe  map)  to  a  very  reduced  scale  for  convenience  of 
publication,  but  were  carefully  eonBtnicted  on  tbe  ^ame  vertical  and 
horizontal  large  scale^  bo  that  their  geology  may  be  relied  on. 

Tbe  map  was  plotted  with  great  care  from  the  mtrvey  notes  of  Mr. 
Frttnkltn  Piatt;*  (aa  were  ako  all  I  he  reduced  looa!  maps  of  the  Ore 
Qinks,  flgi.  8  to  44)  and  adjusted  with  almost  no  variation  to  the  rail- 
fiMd  survey  maps  in  the  office  of  that  expeneuced  and  most  reliable  Civil 
Enfincer,  Mr.  l^uffer,  who  located^  constructed  and  hie  in  charge  the 
ocmpbtlon  of  the  L.  C,  C.  and  T.  R.  R.,  to  whose  eourtesy  1  am  in  tbis 
&a  in  other  caaes,  so  largely  and  gladly  indebted. 

The  map  is  drawn  in  ten  foot  contour  liues^  determined  by  aneroid  ob^ 
■ervationn^  based  on  tbe  spirit  levels  of  the  railway  lines,  preliminary 
and  adopted.  One  set  of  anferoid  observations  was  carried  to  the  top  of 
Tuasey  from  Pennsylvania  Furnace;  the  rest  of  the  mountain  being  drawn 
In  by  rough  trigonometrical  observations  from  the  Spruce  Creek  road.  The 
^p8  in  its  terrace  are  all  properly  placed  and  their ebaraeteristiu  features 
given  :  but  slight  variations  in  the  almost  dead  level  crest  of  the  moun* 
tAia  <*^uld  only  be  indicated.  The  survey  of  the  Spruce  Creek  Valley 
wm  made  rapidly  and  only  for  the  purpose  of  assigning  a  proper  value  to 
its  topographical  features,  a  new  township  survey  by  a  corps  of  odometer 
liiirveyoj^  beinj;  the  basis.  Here  a  considerable  adjustment  bad  to  be 
nuide,  which  renders  this  pact  of  the  map  of  no  authority t  as  sg^nsi 
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careful  future  surveys.  The  a^j^atment  affecte  the  whole  toutlieast 
comer  of  the  map,  via.;  tfaeiDttirval  between  the  mouth  of  Warrior's  Run 
and  the  riven  It  ii  none  of  it  accututc.  The  rest  of  the  map  is  very 
accurate  and  reliable. 

Various  former  surreys  of  the  Juniata  were  compared  in  plotting  Mr. 
Piatt  *s  survey  along  the  Fonnaylvaiiia  Rail  road  ^  and  aU  were  found  ti*  be 
diaeordaut  in  details,  but  the  topographical  features  of  the  deeply  eroded 
bed  of  the  Little  Juniata  are  portrayed  with  sufficient  precision. 

Time  failed  for  a  Ciireful  liurvey  ut  the  months  of  Canoe  and  Sinking 
Valleys  south  of  tlie  river.  I  leave  these  and  the  interesting  ^^nelinal 
mountaiti  (Canoe  Mountain  ^  which  fteparates  them,  for  a  future  oppor- 
tiuiity.  Canoe  Valley  leads  jsontii  into  Morrison's  Cove,  a  reconnoiseance 
survey  of  which  I  made  aonae  years  ago  for  the  Penn^^ylvania  R.  R.  Co,, 
to  determine  the  economical  value  and  geological  attitude  of  il«  brown 
hematite  iron  ores^  the  analogues  of  those  to  lie  described  in  thb  report. 

Three  seta  of  aneroid  leveU  were  carried  to  the  top  of  the  Bald  Eagte 
MouDtaln,  and  two  of  these  were  continued  to  iU  weatern  base,  along 
whioh  flows  the  Big  and  Little  Bald  Eagle  Ci-eeics,  and  runs  the  Bald 
Eagle  (Tyrone*  Bellefonte  and  Lockbaven)  Railroad.  A  much  more  care- 
ful »tudy  of  Bald  Eagle  Mountain  than  of  TusH'y  Mountain  bad  to  be 
made  ;  first,  on  account  of  the  Great  i  Bi^llefonte  or  Tyrone  Forj^e)  Fault 
which  runs  along  its  east  foot;  secondly,  on  account  of  the  vertical  attitude 
of  its  rocks  and  the  very  irregular  erosion  to  which  it  has  therefore 
yielded  ;  thirdly,  on  account  of  a  dellection  of  trend,  due  to  the  little 
synclinal  criraple  shown  in  two  of  the  Crosa  Sections ;  and  fourthly*  on 
account  of  the  outcrops  of  fossU  ore  on  its  western  slo^ie.  Yet,  1  should  be 
glad  to  make  a  complete  hypsometric  projection  of  this  very  iutcrestinj^ 
mountain,  with  its  dentated  double  crest,  for  scientillc  purjHises.  Its 
eUaraeter  ia,  however,  well  portrayed  in  my  map  and  will  tell  the  whole 
story  to  any  geologist. 

A  seoond  map^alno  reduced  by  photolithography  fn>m  its  original  scale 
of  100  perches  to  the  inch| )  is  appended  to  this  rejK)rt*  It  is  a  copy,  cor- 
iiectcd  to  date,  of  the  laud  line  map*  of  Lyon,  Shorb  &  Co. 'a  ore  and  other 
lands  in  tluntirfgdon,  Blair  and  Centre  CounHes^  covering  about  1300,000 
acres  in  the  valley  and  on  its  two  bounding  mountains,  and  istretohing 
westward  beyond  the  Bald  Eagle  Creek  to  the  ctial  measures  on  the  ci*est 
of  the  A  lie  ^]  ran  y  M  on  ntain .  1 1  was  imp  ess  j  ble  to  t  tansfer  t  he  n  u  m  em  n  s 
an4  eomplicated  land  linea  of  this  map  to  my  topographical  majt  without 
GODoealing  its  features  beneath  a  net  work  of  irrelevant  indtcjitions.  I  have 
gone  even  farther  in  my  anxiety  to  ^how  with  untibf^trui^ted  clearnesa 
the  geology  by  the  topography ;  I  have  abstaint?d  from  inlrodnoitig  lot^al 
namei  upon  my  map,  trnsting  tii  the  intelligence  of  tho>io  who  consult  it| 
guided  by  a  small  key  map  in  its  sinitheast  corner,  and  by  the  descriptions 
]  give  of  localitiea  with  reference  to  the  numerous  ow  bankf^  which  am 
numbered.     The  key  ti>  the  nnmbers  will  be  found  m  the  nurthcaKt  corner 
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of  the  map.  The  numbers  follow  rudely  the  ore  belts,  but  not  on  any 
strictly  scientific  principle ;  they  are  arranged  for  the  convenience  of  the 
reader. 

A  third  map,  heliotyped  from  a  large  original  sludy  of  Brush  Moun- 
tain (Bald  Eagle  Mountain  continued  southward  across  the  Little  Juniata 
River)  is  also  appended,  to  show  the  outcrop  of  the  Fossil  Ore  on  that 
part  of  the  property  which  extends  in  that  direction.  But  the  descrip- 
tion of  these  Upper  Silurian  Fossil  Ores  must  be  kept  separate  from  my 
discussion  of  the  Lower  Silurian  Brown  Hematites,  or  Limonites  of  the 
Nittany  VaUey. 

GENERAL  GEOLOGICAL  CON8IDEBATION8. 

The  country  specially  examined  in  this  report  covers  outcrops  of  the 
following  geological  formations,  designated  by  the  numbers  of  the  old 
Pennsylvania  State  Survey,  and  the  names  given  them  by  English  and 
by  New  York  Geologists. 

No.  V.    Upper  Silurian.  <  Clinton  Red  Shale. 

XT     T,r  (  H?]^?''  ^^i*^-  \  Medina  Sandstone. 
No.  IV.  <  Middle,  red,      ) 

(  Lower,  grey.        Oneida  Conglomerate. 
No.  III.    Lower  Silurian.  <  Hudson  River  Slate. 


{ 


No.  II.    Lower  Silurian. 


Trenton  Limestone. 
Black  River  Limestone. 
Birdseye  Limestone. 
Chazy  Limestone. 
Calciferous  Sandstone. 


No.  I.    Lower  Silurian,  -j  Potsdam  Sandstone. 

The  Iron  ore  horisons  described  in  this  report  are  as  follows : 
In  No.  V.     The  upper  or  soft  fossil  ores. 
The  lower  or  hard  fossil  ore. 
In  No.  II.    The  first  horison  at  the  bottom  of  the  Trenton  Limestone  : 

Pennsylvania  Furnace  and  Spruce  Creek  ores,  and  ores  of  Cale  Hollow. 
In  No.  II.    The  second  horison :  the  whole  Dry  Hollow  Range  of  ore 

banks,  including  Huntingdon  Furnace  and  Dorsey  Bank. 
In  No.  II.     The  lowest  horison,  far  above  the  top  of  the  Calciferous  : 

the  Warrior's  Mark  and  Lovetown  Range  and  the  Pennington  Range. 

The  dip  of  the  rock,  of  the  whole  country  exhibited  on  the  map,  from 
the  foot  of  Bald  Eagle  Mountain  to  the  crest  of  Tussey,  is  towards  the 
S.  S.  E.,  with  one  or  two  undulationsof  no  great  moment.  This  is  plainly 
shown  by  the  three  cross  sections,  figs.  1,  S,  8. 
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A  great  fault  ruDS  along  the  foot  of  Bald  Eagle  Mountain,  and  on  the 
west  side  of  this  fault  the  same  formations  are  seen  desoending  vertically. 
They  then  curve  sharply,  and  pass  horizontally  N.  Northwestward  under 
the  Alleghany  Mountains,  as  shown  in  diagram  section  fig.  4. 

This  diagram  section  is  constructed  from  the  dips  of  the  Upper 
Silurian,  Devonian  and  Coal  Measure  rocks,  observed  on  a  survey  of  the 
road  from  Bald  Eagle  Furnace  up  Emigh's  run  and  Laurel  Creek  to  the 
crest  of  the  Alleghany  Mountain.  The  measurement  of  the  curves  of 
the  different  layers  of  this  upturned  mass,  taken  at  every  thousand  feet, 
as  shown  in  the«diagram,  i-esult  in  giving  a  slope  of  5(P  to  54^  to  the 
bassett  edges  of  the  broken  mass. 

It  is  evident  that  the  upslide  of  the  other  section  of  the  broken  mass 
has  conformed  to  this  slope,  and  that  the  uniform  dip  of  54^  dr  observ- 
able for  miles  along  the  IS.  S.  East  foot  of  Bald  Eagle  Mountain  (as  repre- 
sented in  Juniata  Section,  and  Sections  AB  and  CD)  is  perfectly  ex- 
plained by  the  diagram. 

This  is  the  first  time,  I  believe,  a  solution  of  this  difficult  problem  in 
structural  geology  has  been  reached  ;  and  its  bearings  upon  similar  phe- 
nomena attending  upthrow-faults  and  broken  anticlinals  in  other  regions 
will  be  noticed  by  geologists. 

The  theoretical  deductions  from  this  solution  are  important. 

It  proves  that  the  original  fault' was  in  a  vertical  plane,  and  not  on  a 
^lant. 

It  proves  that  the  lower  Silurian  Limestone  mass  has  ridden  upon  this 
slope  to  a  considerable  height,  probably  several  miles,  in  the  air  above 
the  present  surface. 

It  illustrates  the  great  erosion  of  the  country,  amounting  to  thousands 
of  cubic  miles  of  earth  crust,  including  the  coal  measures  (which  are 
preserved  on  Broad  Top,  20  miles  to  the  southeast,)  and  gives  us  the 
source  of  the  Cretaceous  and  Tertiary  deposits  of  New  Jersey  and 
Delaware. 

It  leads  me  even  to  suspect  the  existence  of  a  subterranean  range  of 
Laurentian  Mountains  (with  their  usual  magnetic  iron  ores)  at  the  bottom 
of  the  fault ;  this  i-ange  determining  the  line  of  fracture. 

It  accounts  for  the  general  S.  S.  E.  dip  across  the  whole  valley,  Tussey 
Mountain,  and  as  far  as  Huntingdon. 

It  assures  us  that  tlie  brown  hematite  ore  beds  of  the  distnct  studied 
in  this  i-eport  belong  to  rocks  of  different  ages,  and  are  ranged  in  parallel 
belts  according  as  the  formations  which  carry  them  descend  successively 
(S.  S.  Eastward,)  beneath  the  present  surface. 

It  confirms  the  opinion  that  the  quantity  of  oi-e  in  these  belts  is  not  a- 
local  accident  at  each  of  the  ore  banks,  but  bears  a  fixed  relation  and 
proportion  to  the  outcrop  run  of  the  ore-bearing  limestones,  lengthwise 
of  the  valley  ;  and,  therefore,  that  any  estimate  of  the  quantity  of  ore  we 
may  make  by  examining  the  dig;gings,  must  fall  short  of  the  actual 
quantity  of  ore  to  be  mined  in  future  years  in  this  valley.  j  . 
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The  original  source  of  the  brown  hematite  iron  ores  of  our  Lower 
Silurian  limestone  valleys  has  been  speculatively  sought  for  without 
sufficient  investigation  in  the  field  ;  and  much  practical  mischief  has  re- 
sulted from  the  errors  promulgated.  Most  persons  have  looked  upon 
them  as  accidental  and  local  inwashes  from  unknown  sites.  Some  have 
more  systematically  defined  them  as  a  residual  precipitate  from  the  dis- 
seminated iron- sand  grains  of  the  surrounding  Middle  Silurian  mountain 
rocks  during  their  erosion. 

All  such  vague  speculations  might  have  been  avoided  had  the  results  of 
Dr.  R.  M.  S.  Jackson's  survey  of  the  Nittany  Valley  ore  beds  in  1838  or 
1839  been  published  by  himself.  As  assistant  on  the  geological  survey  of 
Pennsylvania  he  obtained  the  data  necessary  for  concluding,  at  that  early 
day,  that  they  were  deposits  in  loco  originali,  of  the  iron  (as  hydrated 
peroxide)  set  free  from  the  limestone  or  dolomite  rocks  during  their 
gradual  erosion  and  dissolution. 

I  have  myself;  during  the  last  twenty  years,  had  ample  opportunities 
for  arriving  independently  at  the  same  conclusion ;  and  an  intelligent 
study  and  comparison  of  the  aspects  of  the  ores  and  rocks  in  our  iron  ore 
banks  will,  I  think,  satisfy  any  good  geologist  in  the  same  sense. 

The  precise  modus  operandi  of  the  process  is  not  yet  well  understood  ; 
for  it  involves  chemical  considerations  not  thoroughly  worked  out.  But 
a  general  statement  of  the  operation  can  be  made  without  risk  of  serious 
error. 

The  rocks  of  the  Lower  Silurian  Age  were  originally  sea-muds,  com- 
posed of  rounded  gi*ains  of  dolomite  (derived  from  pi*eviously  existing 
Laurentian  Land),  cemented  togeiher  with  a  paste  of  carbonate  of  lime* 
Some  of  the  beds  consisted  also  of  rounded  grains  of  quartz.  Some  of 
the  layers  were  nearly  pure  carbonate  of  lime.  All  contained  a  larger  or 
smaller  percentage  of  iron,  lead,  zinc  and  other  metals,  precipitated 
either  chemically,  or  by  the  agency  of  organic  beings,  from  the  solutions 
of  their  carbonates,  chlorides,  &c.,  in  the  river-and  sea-waters.  The 
orderly  explanation  of  all  the  chemical  and  organic  features  of  this 
complicated  operation  is  still  to  be  given  to  the  scientific  world.  But  all 
will  agi'eo  that  the  general  character  of  the  calcareo-ferruginous  muds, 
the  sediments  of  that  early  geological  age  must  have  been  much  as 
above  described. 

During  the  long  Upper  Silurian,  Devonian  and  Carbiniferous  Ages, 
these  Lower  Silurian  sediments  were  buried  to  a  depth  of  over  16,000  feet, 
beneath  the  later  sediments.  They  remained  wet.  Their  great  depth 
raised  their  temperature  16,000  -^  50  =  320°  Farenheit's  thermometer  ; 
which  added  to  the  mean  temperature  of  the  surface,  would  keep  them 
under  the  infiuence  of  a  moist  heat  of  nearly  400^  F.  through  what  to 
man  is  a  small  eternity  of  time. 

Dr.  Genth's  discovery  of  the  amorphous  or  gelatinous  condition  of  a 
part  of  their  silica  is  thus  explainable.  Varied  reactions  must  have 
•nsnod.    The  carbonates  of  lime  and  magnesia  combined  as  dolomites, 
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which  in  part  crjstallized  in  rhonibohedra]  cTyatala,  the  forms  of  which 
we  now  Bee,  in  the  outcrops,  emptied  by  di&solutian.  The  silica  hardened 
(without  ciystallicing)  around  these  rhombs,  so  ihat  wo  «ee  thu  fianio 
o^Yities  in  it.  The  iron  became  i>en>Kjdi^d  a3  fibimin  hfiuatite  aud  the 
eiHca  can  be  obtained  by  dilute  nitric  aeid  also  iV*  the  sam^  fihrutt*  ff^rm^ 
AU  thia  points  to  the  thi^t  formation  of  the  iron  ore  while  the  rocks  were 
still  at  a  great  depth,  wet  and  floft  and  warm* 

But  at  the  end  of  the  coal  era  the  Middle  states  rose  from  tba  waves 
nnd  have  neyer  been  covered  by  the  ocean  since  that  time.  The  ed^es  of 
the  Belief  on  te  Fault  utood  aa  a  mountain  range  aa  hi|^h  as  the  Alpa  (se^ 
Fig,  4),  and  the  backs  of  some  of  the  great  antic!  in^^ls  of  Penns^^lvania 
must  have  formed  plateaus  then  as  bigb  a»  Thibet  and  Bootan  are  now. 
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Eroaiuii  commenced  a>»d  baa  continued  through  the  Pemaian,  Juraaalc, 
Cretaeeous  and  Tertiary  A^es  to  iht^  pi-esent  clay,  and  still  goes  em.  The 
high  plateau  waa  gradually  worn  down  to  the  preaent  surface.  Moun* 
tains  onctt  ;iO,OOn  or  ii^Wf}  R-et  higb  iire  now  but  2,000  or  SM\Q  above 
sea  level.  The  valleys  were  excavated  at  the  luountahis  lowered,  and 
the  outcropB  of  the  Lower  Silurian  limestones  of  Nittany  Valley  are  but 
800  U>  1  :iOO  feet  above  tide  (see  the  contour  lines  of  the  niap)» 

This  slow  erosion  gives  us  the  second  part  of  ourespliiuation  of  the 
brown  h«matite  iion  ores.  It  explaini^  the  inmimerahie  cjaveras  and  Hink 
holes  and  dry  hollows  of  this  Nittany  and  other  l^meatoue  vaJlcys.  U 
leadis  us  to  eipect  to  find  tramis  of  &uch  caverns  and  widened  tissures 
pnd  Aink  holes  of  the  last  prevedini;  agCt  titled  up  with  a  waab  of  ctaj, 
W^udt  and  iron  ore  fnim  outeropH  lately  existing  not  far  ahuve  the  out- 
oropH  which  run  abjuu  the  present  fturfaee* 

Tite  t^ro«fon  now  i»till  goiug  un,  and  the  speclftl  acstlvltiy  of  tlie  laitt 
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tft  g^lmoiAl  ^g«f  m^y  very  well  explain  that  outspread  of  sui^ace  wa^h-ore 

which  makes  so  Lir^e  a  feature  of  the  cuse.  It  in  ay  also  explain  the 
Gorruj^atiotia  of  the  clay  and  uro  Btrata  iQ  these  fiuperi^eial  wash-ore  de- 
pu«ittt  us  represented  in  Figures  5,  G,  7  ;  the  locUUties  pictured  being  on 
the  lino  of  the  railroad  near  the  En^it  Pennington  Ore  Hanks. 

Thni^  the  different  thc^ories  in  vogue  among  our  iron  men  are  harmo^ 
niMed.  Eacli  theory  has  its  own  basis  of  truLhf  its  own  set  of  facta,  but 
iloM  not  embraoo  all  the  phenomena* 

Tliosc  who  eontend  that  the  brown  hematites  He  in  pocketH  are  oor* 
rt*t ;  but  tbey  most  contine  tlie  ast^rtion  to  that  part  of  the  ore  which 
Etam  occupies  former  caverns  and  fissures  and  si tik -holes* 

ThoHC  who  contend  that  the  brown  hematites  ai^  surfneewafthes caught 
hy  the  accidental  variations  of  the  earth ^n  sur&ce,  are  correct ;  but  they 

Fig.  0, 
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must  limit  the  application  of  their  theory  to  banks  which  show  rolled 
gravel  and  rolled  ore^  and  a  confnsed  and  mingled  mass  of  ore  iuid 
(And  and  clay. 

A  third  view  is  equally  correct  and  much  more  important.  It  must  be 
aooepted  as  probable,  that  in  spite  of  later  movements,  and  in  addition 
to  eavern-de posit  ores,  and  surface-wash  ores,  there  are  interstratified 
beds  of  brown  hematite,  still  in  their  orii^inal  placeSi  although  not  in 
their  original  condition,  descending  witli  the  general  slope  of  the  forma- 
tlona  between  nndiasolved  limestone,  dolomite  and  sandstone  rock«  to 
undetermined  depths,  and  ranging  lengthwise  of  the  district,  so  thjit 
row*  of  ore-banks  can  be  and  hare  been  opened  in  eontinnous  belt*  of 
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matiy  miles  lengtb,  and  on  oontitttioiii  outcropa  of  ore  ground  of  eyery 

cunceivable  ra-rlety  of  cbaradter,  quality  and  quantity* 

It  IB  provable  by  refereniso  to  sectione  Figures  lf%%  and  other  illu»- 
traM^e  drawings  in  this  re[>ort,  that  tlici'©  exists  several  of  thesa  belts; 
repnsfionting  difTerent  gitctlogiml  horuom  ;  and  due  to  an  extra  cbarge  of 
iron  given,  we  know  not  how>  to  nediraents  of  difibrent  ages.  As,  on  a 
grand  scale  iron-bearing  rocks  occur  at  various  stages  of  the  column  of 
piiAmotoio  rocks  from  No,  I,  Putsdam  8.  8,,  to  No.  XIF,  Coal  Measures, 
— 3o,  within  the  narrower  liinjls  of  one  subdivision  of  this  column^  vi^., 
ilk  the  Lower  Silurian  system,  iron  bearing  rocks  occur  at  various  stages, 
iie[jarat©d  by  from  500  to  2000  feet*    These  have  already  been  staled. 

Pig,  7* 


'^r-  ^<^O^i"^r- 


z^rp-: 


The  measurements  will  be  given  in  my  Detailed  Description  of  the  Ore 
Banks^  and  no  repetition  of  tbem  ii  here  neoesfiary.  *  I  will  only  give  in 
tabular  form  the  thickness  of  the  Lower  Silurian  Linjestone  formation 
so  far  aiFi  visible  and  as  measured  along  Warrior^ s  Mark  Run  :— 
Hudson  River  Slates* ,,..,..,,,,,,,....  feet- 
Trenton  Limestone,  ^e ,♦  ^  ♦,,,.. . ,  2600 

Pennsylvama  Furnane  and  Gate  Hollow  Ore  Banks  : 
Interval  of  Limestonei.  ....,....*.. < 700 

Huntingdon  Furnace  Ore  Banks : 
Interval  of  Liracitonee ........,.,....,.-..  550 

Pi  lie-ore  Range  near  Toll-gate : 
Interval  of  Limestones , .,..., » , , . .  1500 

Fenningtou,  Town,  Love  town  Banks : 
luterval  of  Limestones..  ,...>......,......,,.....,.,.,«,,.,.  SOOO 

The  edge  of  the  Fault  stops  furtber  rneixsurement  downward! :       

Total  visible  thickneas  of  Limestones.  ..,..«,....««*»  7750 
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Phacticai*  Vai,ub  of  THB  OttE*. 

The  experienoe  of  si^tjr  feare  has  demf^n^trated  the  exact  valuer  of  tliis 
brown  hematite  iroa  or&B  of  all  the  l/ower  8ituri»n  Valleyt  tif  Peiiosyl- 
vania  :  oo  the  Lebigh  ;  m  the  Groat  or  Cumberland  Valley  ;  in  Ki»tiic<i* 
quUia  Yalley ;  In  Morrison*a  Cove,  Canoe  and  Nittany  Valleys, 

The  general  reaemblatice  of  ones  from  all  the  Banks  is  atrifcing.      Thp 

locttl  variatloos  are  Htill  more  stnkinj^.     The  key  to  those  variatjons  wan 

oiily  jl^t  when  the  true  geological  theory  of  fttructnro  wa»  stmlied  ouf.. 

But  It  U  still  a  perplexing  qno*tk>n  why  red^hort,  eold-Bhort  and  neutral 

ore*  should  lie  st^  neiir  each  other,     Tliero  is  scarcely  an  ore  bank  in 

PeniMylvania  lu  wlilcli  the  chemist  will  not  find  BOme  inrnsjon  of  ^iilphni 

and  ph^wiplioms.     But  some  ores  have  heen  so  slightly  charged  with  one 

or  oU»er,  or  both  of  these  elements^  that  they  rank  in  the  first  class. 

Oihoni  areao  heavily  charged,  that  they  are  useless  for  Bessemer  work ; 

itako  a  low  rank  ari  anthracite  or  eoke  iron  ores ;  and  only  make  good  pipf- 

^  metal  when  smelted  in  small  quantities,  with  oharcaal  and  a  feeble  cold- 

htaett. 

This  is  eJipecially  true  of  those  of  the  lowest  geok>gical  hori«ou  or 
oldest  in  age,  Iwhmging  to  nKiku  of  Pitsdam  age,  rock^  whlc-h  rise  upon 
the  liankiiof  the  Stmtb  Mountain.  Fortunately,  the^  ores  nowhere  reach 
til©  snrfai^^  in  Nittaiiy  VLtlley,  lielng  buried  in  the  jaws  of  the  iiellefonte 
F*anU,     Even  the  Pennington  borison  Is  too  high  for  these  ores. 

The  cou.'wqnence  is  that  most  of  the  ores  of  the  district  under  notice 

here  yield  a  pra^^.tit^aDy  neutral  ore  and  make  the  l>e8t  pnssihle  iron  in 

,  cold  kila«t  charcoal  furnaces,  and  good  iron  witV  the  hot  bhv^t,  and  niin- 

I  •ratfdel.     The  appended  analyses  of  Dr,  Gentii  will  make  thts$  fact  evi- 

dent, 

Pho&phorui,  however,  is  found  in  all  ktiown  Silurian  Brown  Hematite 

l«  (with  some  rare  excepttona)  in  quantity  enough  to  prevent  the  taan- 

'  ^aotm^  of  sU'eh     But  in  some  ojtses  mixture  with  other  ores  will  rectify 

thft  ore^     In  other  i^es^tectis  the  per  centage  of  phosphorna  la  too  ^maU 

to  do  hurt.     Dr.  Genth*s  analyses  will  give  the  figures  in  this  ease  also. 

The  rcfiutAtion  of  P*jnnsylvania  iron  was  greatly  made  at  Pennsylvanin 

Ftiniaee.    Its  iptdity  could  not  be  surpassed.    Neither  the  older  Swedish, 

nor  the  hest  English,  when  English  iron  was  still  good,  nor  the  more 

I  fvoent  magnetite  pig-metal  of  Lakt'  Champlain  and  MiMsouri,  have  ex- 

eellcHl  tt ;  aud  it  shared  this  reputation  with  furnaces  smelting  simiki 

ores, 

There  are  part*  of  the  deposit  In  almost  every  Bank,  which  are  sandy 

and  lean.    These  have  been  hitherto  fastidiouftly  rejected  by  the  charcoal 

eoal  blast  furnaces  of  the  district.     Such  ores  are,  however,  in  demand 

for  our  anthracite  and  coke  funiacea,  and  the  cver-inereasing  toRrket  for 

B«n  will  require  the  mining  of  the  whole,     I  believe  that  carefully  «e- 

i  leeted  ore  from  these  banks  will  even  furutsb  iron  fit  for  Bessemer  use. 
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E«tlrnat.«i4  of  the  ijiiautity  of  Brown  Ileriiatito  Ores  are  among  the 
tno^t  iinc^LtutD  o(  iiM  t^artlily  things^  H^uca  I  give  s|>eclal  st^tcnieutij  of 
the;  mz^  of  exoavalion  atid  pviamB  of  ore  gi'ound  in  sigh  I  for  each  of  tlie 
ore  banks,  in  tht^  iU»apt«r  of  this  Report  devoted  to  tUeir  loc-al  d«i;crtpt  Ion. 

Tlie  iiurfaoo  ore  wash  h  of  various  depths  from  1  to  W  feet.  The 
bi^eadtld  of  t$urfaco  coveted  is  sometimes  but  a  few  yards  ;  sometimes 
seYemt  hundred  yards.  Intervals  occur  where  all  traces*  of  surfiica  ore 
vatiiuli  fro  n  the  belt,. 

The  tUicknefes  of  the  underlying  clays  varies  from  a  few  fteet  to  Ji  huudred 
and  more.  Sometimes  these  elajs  are  loaded  with  scattered  pieces  of 
ore,  fine  or  coarse ;  at  others  they  do  not  show  a  trace  of  oror  Some- 
limes  the  mass  of  clay  is  interstratilied  with  layers  of  rock  ore  yielding 
rii'lily. 

The  rock^resi  and  ptpe^res,  bedded  or  in  packeUf  under  tha  clays  Are 
Hlso  emoessively  irrogular,  and  noLltiug  but  a<3tuAl  mining  eaii  teaoh  us 
the  quantitioe  coneeakd. 

But  any  one  who  reads  carefully  the  follow iuj;  descriptions  of  the  ore 
hanks  taki^n  up  in  suceession^  niust  arrive  at  the  conclusion,  that  the 
Liailway  line  eonneetiu^  the  ore  deposits  of  Nittany  Valley  with  Western 
Ponnsylvania  over  Tyrone,  and  with  Eastern  Pennsylvania  over  I^wts 
burgr  will  have  within  the  limits  of  my  map,  at  its  et>nimand  for  freight 
to  distant  iion  works,  many  millions  of  tons  of  prepiired  ore  of  the 
choicest  character. 

One  of  the  most  notic^ble  features  in  the  iron  history  of  this  district 
(And  of  others  Kitnihiri  li^ss  boen  deuiaU  of  the  exij^tence  of  any  ore  just 
where  the  deposits  Wom^  proved  hy  sub*K*qui^nt  djgginy:^  to  be*  most  copi* 
ous,  and  predictiorife  of  the  speedy  exhaustion  of  ore  banks  which 
Hteadity  grew  in  magnitude  and  ricbness  as  the  excavations  spread.  The 
history  of  Pennsylvania  Furnace  Bsink  aiforda  a  notable  instanots  and 
not  an  isolated  one* 

There  are  not  le^is  than  100, (KJO  linear  yards  of  ore  belt  tm  my  map.  If 
the  ore  were  continuous^  and  only  5(i  yards  wide  by  10  deep,  we  should 
have  5D»OO0,OO0  cubic  yai^s  of  ore  ground.  If  only  one-tenth  of  this 
were  ore^  we  bave  5,00t\*>00  cubic  ytmis  of  ore.  It  only  needs  to  look  at 
the  number,  hrL^adth  and  depth  of  mo  dig^ngs,  and  tbeir  distrihutrion 
on  the  map,  and  to  remember  that  none  are  noted  there  but  the  princi- 
pal cute ;  that  large  spaces  of  ore  belt  have  for  varioui  reaftons  never 
been  explored  ;  that  in  some  the  ore  in  seen  going  down  to  unknown 
liepthft ;  and  that  in  all  the  hanks  water  baa  stopped  work— to  appreciate 
the  injM;lequacy  of  the  above  citenlatloTi. 

Sr'KClAL  Ukscbiptions. 
I  postpone  further  economical  oonsidcratlons  to  introduce  here  tbe  datA 
upon  which  what  I  bave  written  above  ta  founded.     The  situation  and 
character  of  the  principal  mines,  are  jpven  succiuctly,  but  suilictontly  in 
detail  to  permit  others  to  form  tbeir  own  opinions. 
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THIS  PEKNINGTOK  RA^GE, 

VtQtm  section  A  E,  Ug.  3,  showi  the  ore- bearing  limes  tones  At  the  Peii- 
ttis^toti  Bnnks  dipping  narihte^if  arid  the  hard  rimeslQiieB  in  the  quarriej^ 
om  Logaix*s  Creek  dipping  also  uorthtc^^st  2a -  to  27*-",  increasing  (aa  we 
dcfloend  the  creek)  to  90^,  and  in  some  places  overturned;  thett^  rising  nt 
Sa^,  54^  (S,  E,  dip),  to  shoot  over  the  Bald  Eagle  ^lountaln. 

Cross  section  A  B  showa  the  same  ore- (rearing  limestones  at  a  poiut  on 
tlie  road  to  Huntingdon  Furnace^  a  mile  and  a  quarter  southeast  of  the 
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Bankfli  And  on  the  opposite  side  of  the  Hidgef  dipping  gently  muthe^ht^ 
&Dd  making  a  strong  outerop  of  ore  ground. 

Tbese  are  our  elements  of  structure.     Taken  in  connection  with  those 
of  the  Little  Juniata  River  section,  fig*  1,  the  geology  is  evident.     There 
is  a  low  antidinal  arch  in  the  Pennington  Ridge,  and  a  sharply  plicate* I 
little  lyncltDal  trough  in  the  Valley  of  Logan^s  Creek. 
4.  p,  m. — ¥0L,  xrv,  B 
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The  Pennington  ore  rocks  descend  into  and  beneath  Logan's  Creek 
Valley,  at  first  slowly,  then  steeply,  at  last  vertically,  and  before  reaching 
the  surface  again  on  the  other  side  of  the  little  synclinal,  are  cut  off  by 
the  great  fault,  and  are  sent  down  by  it  to  a  depth  of  many  thousand 
feet  beneath  Bald  Eagle  Mountain. 

On  section  line  C  D,  fig.  3,  no  such  structure  appears ;  consequently 
the  little  Logan's  Creek  synclinal  does  not  i-ange  away  northeastward 
along  the  foot,  but  cuts  across  more  northward  into  the  fiauk  of  Bald 
Eagle  Mountain.* 

As  for  the  Pennington  Ridge  anticlinal,  it  loses  it«elf  in  the  hill  nortli 
of  Warrior  Mark  Village,  and  in  the  great  fault  further  on.  Obscure 
dipst  of  750  to  8OO  (N.  W.)  are  seen  in  calc.  sandstone  at  500  yards  north- 
west of  the  village,  and  80°  (N.  W.)  in  blue  limestone,  at  450  yaixis 
further  up  Warrior  Run  ;  but  the  universal  slant  in  the  country,  from 

ihei*e  onwards,  is  southeast ;  all  the  outcrops  beyond  or  northeastward  of 

Warrior  Mark  Village  belong  to  the  southeast  side  of  Pennington  Ridge.  ^ 
The  Pennington  Bank  ore  range  is  therefore  a  short  one,  whereas  the 

rnext  ore-range  to  the  south  of   it  runs  continuously  through  Warrior 

.Mark  Village  and  Love  Town  for  ten  miles  within  the  limits  of  our 

.Map. 

The  Pennington  ore  rocks  are  also  of  an  older  age  than  those  of  many 

•  other  banks  in  the  Valley,  as  the  sections  show.  They  belong  rather  to 
the  lower  than  to  the  middle  division  of  the  Great  Limestone  Formation. 
The  Pennsylvania,  Hostler,  and  other  banks  on  the  Spruce  Creek  side 
belong  to  the  middle  division.  Any  constant  difference  of  quality  ob- 
servable between  the  ores  is  of  course  to  be  ascribed  principally  to  this 
fact,  viz. :  that  the  ore  bearing  rocks  being  deposited  in  two  successive 

.  ages,  and  therefore  under  different  conditions,  their  present  dissolubility 
and  i*eceptivity  (as  regards  soluble  salts  of  phosphorus,  sulphur,  &c.), 
have  bestowed  on  them  peculiarities  of  individual  character. 

I  consider  it  possib  e  that  the  Pennington  Range  corresponds  in  age 
with  the  Bloomfield  ore  range,  in  Morrison's  Cove,  thirty  miles  to  the 
south. 

The  Pennington  Range  proper  consists  of  a  line  of  outcrops  commenc- 
ing about  two  miles  from  the  Juniata  River,  and  extending  two  miles  to 
the  railroad,  a  mile  west  of  Warrior's  Mark  Village.  The  northwest  face 
of  Pennington  Ridge  is  covered  with  wasM-ore  to  a  variable  depth,  below 
which  lie  sheets,  belts,  and  masses  of  rock  ore,  between  ribs  of  still  un- 
dissolved siliceous  limei*ock.  The  more  argillaceous  lime  beds  have  left 
intercalated  sheets  of  white  clay. 

*  The  Map  shows  how  it  swings  the  mountain  a  little  out  of  its  otherwise  straight 
oourso,  and  also  how  lagan's  Greek  takes  Its  head  just  where  Its  synclinal  terminates  In 
the  mountain  slope. 

t  The  cross  cleavage  of  the  rooks  near  the  fkult  makes  the  direction  and  strength  ol 
these  dips  doubtful.    They  look  like  30°  to  60°  (S.  E. ) 

X  As  will  be  abundantly  evident  to  any  one  travelling  along  the  road  from  Warrior 
Mark  to  Love  Town. 
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Ko,  1.  The  Old  or  East  Penuin^on  Bank,  applied  Bald  Eagle 
Pitmace  with  stock  for  many  years.  The  ore  was  hauled  about  four  miles 
over  the  mouutaiD.  It  was  chiefly  j^ot  from  the  large  open-cut  shown  in 
liOOftt  Mapr  fi^.  S ;  hut  also  from  underground  gangways  following;  the 
ore  dowa  the  dip  (N.  W.)  beneath  a  clay  covering ;  aud  from  shafts  sunk 
on  Ihat  side,  tunnels  or  rooms  being  driven  from  the  bottom  h  of  the  shafts 
tmgularly  in  every  direction  at  the  caprice  of  uneducated  miners,  who 
Ipropdd  Always  in  the  dark,  without  correct  geological  ideas  to  guide  them, 
following  what  they  imagined  to  lie  the  thickest  beds  and  belts  of  the 
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beet  ore,  and  leaving  all  the  rest  to  stand  and  be  covered  up  again  by  the 
jinnnal  tumbliog  in  of  their  shallow  works.  Most  of  these  miners  were 
I  mil  laborers  paid  by  the  ton.  Water  invariably  stopped  them,  and 
Umited  the  range  of  workings  to  a  comparatively  narrow  belt  down  hill* 
The  great  deposits  of  ore  uu (questionably  lying  to  the  deep  (N,  W*)  are 
anosplored.     Neither  maps  nor  notes  of  the  old  works  exist. 


LmMiey,} 


36 


[  JsQ,  3  mad  Feb  «. 


Wig.  91&&  reduced  copy  of  maps  made  by  Mr,  H*  V.  fidckicig,  mining 
manager  of  the  Company^  to  sbow  the  positioo  of  abaftfl  and  direction  of 
tunnels  executed  under  his  direction,  in  a  more  systematic  way. 

At  the  eaat  end  of  tlie  Old  Bank,  Mr-  Booking  did  mui-h  sinking  on 
lower  ground.  One  old  shaft  which  had  been  ahandoned  at  the  depth 
of  30  feet  on  account  of  water,  he  sunk  3f>  feet  deeper  to  the  sandstone 
floor  of  the  ore^  which  drained  the  mine.  A  cross-cut  frara  this  shaft  75 
feet  long  struck  the  ore  descending  (N.  W.)  but  where  it  was  nearly 
level.  QaUeries  were  then  driven  and  much  ore  won  in  au  irregular  way. 
But  the  heavy  spring  rains  of  1857  filled  the  works  to  the  top  of  the 
•haft.  At  this  time  the  targe  deposit  at  Mc  A  tear's  (West  Pennington) 
Bank  was  discovered.  In  18^5  a  new  shaft  was  sunk^  in  a  dry  season,  a 
little  north  of  the  ciwed-in  works,  reaching  the  bottom  of  the  ore  at  45 
f«jet.  The  shaft  was  GO  feet  deep,  and  a  steam-pump  kept  it  dry  by  two 
or  three  hours  work  per  day.  A  good  vein  of  ore  had  been  abandoned  (on 
account  of  wat^r)  in  a  smaller  open  cut,  near  the  last  meutiotied  shaft, 
with  only  3  or  4  feet  of  dirt  covering  to  the  ore. 

That  the  rich  deposits  of  ore  in  the  old  open  cut  pass  down  northwest - 
ward,  10  irregular  but  continuous  doors  and  layers  between  the  claya^ 
was  proven  hy  galleries  driven  by  Mr.  Bocking  west  from  the  pnmp*shaftt 
see  tig.  9.  lie  describes  these  galleries  as  driven  in  wavy  ore,  meeting 
several  good  bodies  of  ore.  No  pillar  mining  was  done,  as  the  sinkings 
were  merely  tentative. 

In  all  this  no  account  is  made  of  anything  but  tlie  better  streaks  of 
hard  lump  or  rock  oi-o,  which  alone  a  small  charcoid  furnace  i»  willing  to 
smelt.    Great  quantities  of  saleable  ore  and  wash-ore  are  ignored. 

My  assistant}  Mr.  Franklin  Piatt,  obtained  the  following  imfortnation 
on  the  groimd  while  making  hia  map  i^ 

Beginning  at  the  Railroad,  the  first  and  smaller  pit  (now  filled  with 
water)  Tt>  yards  long,  by  15  wide  and  5  deep,  yielded  about  .lOUO  cubic 
yardi  of  wash-oren,  without  any  solid  lump  ore.  Shaft  No*  1»  sunk  near 
it,  (N*  W.)  is  said  to  have  passed  through 

1,  Top  wash-ore » ,15  feet* 

3,  Rschlnmfi-ore,  *♦. * — ,..-  5     ** 

$.  Clay  with  little  or  no  ore. ,.,.......  .35    ** 

4*  Good  lump-ore., .--. * *..* ..,,15    " 

the  bottom  not  reported.    Shaft  No.  2,  (W.)  had  lean  wasb-ore  on  top  ; 
clay  to  40  feet  \  good  lump-ore  thence  to  bottom  at  50  feet. 

The  main  op<^n  cut  is  330  yards  long,  with  an  average  width  of  35 
yards*  as  shown  in  %,  ^  ;  depth  from  5  to  8  yards.  Wash-ore,  sometimes 
lean,  forms  the  wall  of  the*  pit,  from  the  surface  to  an  apparent  depth  of 
15  feet,  A  shaft  midway  of  the  eastern  edge,  "struck  a  layer  of  ferro- 
matijifiinese  ore,  5  feet  thick^  at  a  depth  of  15  feet.** 

TwiJ-thirds  of  th«  difitauce  from  the  southern  to  the  northern  end  of 
the  pit,  a  massive  csrop  of  half  decomposed  calcifcrotis  sand  rock  charged 
with  nioie  or  less  of  ore,  juts  from  the  wall,  dipping  gently  northwest. 
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of  this  rook  li  gctQUtue  iron  ore  ;  the  rest  ferriferoua  or  merely 
^iiioua  sandrock.  The  excavated  ore  lay  uverj  under  and  around 
Uui  rock,  hailing  been  freed  from  other  Himihirly  dipping,  but  more 
frrriferous  and  more  dissoluble  strnta.*  It  U  a  plat^e  where  the  genesis 
of  our  brawn  hematitoa  may  be  studied  to  advantage. 

Ofis  wa^  fouud  iu  ftome  of  the  shafts  to  the  south-west  of  the  main  open 

mu 

The  whole  N.  E_  and  8.  W,  extent  of  this  uniateirrupted  expanse  of 

^WMh  ore,  from  the  railway  trtick  to  the  i;hafts  kst  meutioned*  i»  about 

I  yarda,  and  its  width,  aay^  tCK)  yards.     A  eousiderabJe  percentage  may 

too  lean  to  wash.f    Estimating  the  depth  of  soft  and  haixl  ore  at 

plO  yards,  we  have  500,000  cubio  yards.     Rejecting  one  hal  f  for  leanneHSp 

Wft  are  safe  in  supposing  350,000  oubie  yards  of  ore  in  sight, 

FiQ.  10* 


Ho.  2.  The  West  Penninirton  Ranks.    An  interval  of  half  a  mile 

tparates  this  open  cut  from  the  Ea^t  Penniugcfm  Banks  last  dcscnl>ed.| 

fTbe  railroad,  curving  across  a  sliglit  hollow  in  the  side  of  the  ridge. 

see  local  map,  fig.  $1,  approaclics  within  two  hundred  yards  of  the  north 

•  The  strike  of  this  nwslt  U  aer0»$  tim  open  cut,  bero  vcr3'  narrow.    The  #ro  of  the 
ftiirtherD  tind  orihta  c^ii  li  tU^rerurfi  above  th«ao  rooks,  and  tbiit  of  the  louthern  purtlon 
rth^dUt  belongi  below  iheae  rocktr. 

t  The  '♦  blAcfc  oro,'  wJilcb  ti  r^ry  rich,  la  la  somo  yLiLQca  Jibundiuit ;  In  other  [tl^ta  it 
b«oouei  vrry  thla, 

I  Mr.  Bocking,  speaking  of  thli  iiit«rT&],  naya  that  after  po^stng  a  low  place  at  Me- 
Atoar^v,  the  m&la  bodj  of  ffood  ore  waj  djsoorered  Id  ISfiT,  di  the  Aurfii^e,  od  gtouad  Into 
whioh  oUI  |ilt*  had  b*en  funic,  the  tnlners  bavLtig  prevjouily  tfond^mnedthp  whole  knaU 
iljr*    The  very  rich  dftponH  then  dlaoovored  lay  higher  ap  the  f  lope  of  the  rJdgiJ,  ^emI 
UM  thmi  bees  enttf^ly  mtsied. 
lir^  Piatt  femftrki  :  "  Whf^t  the  or Igtnal  shape  of  the  ore  an  the  faw  of  this  rldi^c  wa*, 
,11 U  now  bard  Ut  »&y ;  but  the  two  Peiiifiln§rton  ore  depoaJt^  are  at  present  sepamtfl  and 
fllcLlnet^  not  iieeossarlljr  conneoted  In  any  way.    I  preBume  that  the  orln^lnal  tlmlte 
Qtmi<aed  tbe^  both,  and  much  of  the  ore  lying  between  them  which  Ijt  nnw  gon^.'* 
Thlt  a§re«B  with  what  ie  fteen  at  the  FennijlvaaUOre  Haiiki,  to  be  dedcrltted  here^ 
aibiri  and  It  U  a  ntrong  ar^inent  In  fAvor  of  the  wholly  outcrop  chara^t^r  uf  then 
nim  lieraaMle  aepcmlta.    On  the  other  hand,  the  ©re  baa  never  been  properly  f^lluifed 
rtbe  d«<p>  ««d  tlie  disianoe  !□  that  dkeclloii  to  which  the  dtdflolutlnti  of  the  feriifurotu 
joata  und  the  prcolpHatlon  of  peroxiile  of  Iron  haa  extended  Ii  usknonti. 
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wall  of  the  ercaT»tioii,  se©  fig.  H,  whieli  m  180  yarda  long,  by  40  wide  on 
an  average^  u.nd  ihows  nothlnj^  lint  wash  oie  in  its  banks.  Its  very  ir» 
regular  depth  may  be  oalkd  10  yurd^  ;  wuter  standing  in  the  floor, 

Thts  cut  was  worked  bo  a  depth  i^f  40  feet  during  seven  years,  juid 
yielded  richly*  Tlie  first  maps  are  lo»t.  Mr.  Br>cking'»  uoderjjronud 
works  on  the  nortU  wal!,  commenced  in  18G5,  are  represented  by  bia 
Local  Map,  Hg*  12,  and  tbuii  described  by  him  ; — 

An  old  whin  shaft  was  pumped  out,  and  pillars  robbed.  Tbe  galleries 
then  caved  in,  and  work  Btopped.  Or©  can  still  lie  reachetl  fiom  other 
fihafts,  two  of  which  are  timbered*  One  body  of  or©  lie**  between  the  old 
cut  and  the  uudergrouud  works*  It  is  not  vei-y  rich,  bwt  is  **good 
uaturedp*^  and  mixes  well  wilh  more  refractory  ores.  Another  body  of 
good  rich  ore  remains  standing  to  the  deep  of  the  works,  and  bas  a  heavy 
covering.  Another  body  of  very  good  ore,  flfteen  feet  thick^  occupies  a 
trough  below  tbe  level  of  the  pump- shaft,  estimated  svt  tny  5i)0  tons, 
8baft  5  has  ore  around  it.  Bbaft  4  is  in  a  fair  vein  of  nxik  ore.  The 
deposit  at  shaft  3  is  variable,  and  part  of  it  stands.  Old  cuts  and  pita 
show  that  the  dcp^it  runi  on  soutbwustwaid. 

That  the  ore  extends  northwards  h  showni  by  the  late  railway  catting 
SOO  yards  north  of  the  open  cut  (lice  fig*  10),  where  ten  feet  of  wa^h  ore 
is  seen  overlying  white  and  red  clays. 

Seventy  yards  southwest  of  the  main  open  cut  is  another,  1 10  yards 
long,  15  wide,  and  3  deep  (1^1,200  cubic  yard&,^,  nothing  now  showing  but 
wash^ore  in  the  Bide  walls,  It  was  originally  mucU  deeper,  slides  baving 
partially  filled  it. 

Three  hundred  yards  west  of  the  main  open  cut  is  tbe  Old  Pbillips 
Bank,  100  X  30  X  ^  yards  (18,000  ciibic  yards),  full  of  water.  It  was 
once  deep,  and  drained  by  a  tunnel,  the  mouth  of  which  is  shown  on  tbe 
Hap  (fig.  10),  140  yards  from  its  west  end. 

Calling  tbe  lengfth  of  grtuuid  occupied  by  these  thr«^  open  cuts,  with 
tboir  imperfect  underground  workings,  400  yaixis,  and  its  brradth  100 
yards^  and  assigning  an  average  depth  of  ten  yards  for  wtiEih  and  lump- 
ore,  we  get  an  original  mass  of  4*K),CMM)  cubic  yards,  one-half  of  whieb 
may  be  considered  rich  and  aoccsslble  enough  to  work  to  advantage. 

But  it  must  bo  considered  that  this  Punnington  Range  of  deposits 
shows  a  much  stronger  tendency  to  develop  loan  biyers  and  sandy  masses 
than  the  Dry  hollow.  Red,  or  (jatesbnig  Ranges,  hereaftt^r  to  be  deucribed. 
Estimates  of  workable  quantities  are,  therefore,  hascardouB.  We  are  h«ire 
geologically  at  the  bottom  ^f  the  limestones,  and  close  on  the  to|»  of  the 
" calciferous  sand-rock  "  formation,  which  accounts  for  the  tendi^ncy  U* 
sand-rock  and  sandy  ore  exhibited  in  these  banks. 

Of  the  old  Phillips  bank  Mr.  Biicking  nayi^  that  it  holds  purplish  easy 
smelting  ore,  mixed  with  day,  and  without  discernible  regular  veins. 
Quantities  of  waali^ore  oan  be  got  hei-e  ;  but  drif  screening  is  impractica* 
ble. 

Tide  gives  the  key  to  the  problem  of  tbe  future.    Tbe  near  preseueo  of 
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Mr.  Jobu  W.  Harden,  an  experienced  Superintendent  of  mineft,  cob^ 
sideri  the  extensive  dry  tailings,  wliicb  cover  the  slope  to  the  north  of 
the  m>tft»  <>ipahle  of  being  protitahly  washed,  while  being  got  out  of  the 
way  of  future  open  cuts. 

Traditional  accounts  of  such  old  ore  mines  as  these  are  to  be  credited 
with  dtio  eautioB  and  Ifti-ge  allowances*  But  they  have  their  value*  It  is 
of  great  importancei  then,  that  shafts  of  over  a  huudi'ed  feet  have  been 
repeatedly  suni  along  thia  range  ;  for  they  are  proof*  that  expeneoce  hat 
justified  them  ;  proofs  that  bodies  of  ore  hiid  been  found  lying  very  deep 
beueath  the  surface.  The  open  cuts  exhibited  by  the  maps  (figs*  H  and  10) 
were  once  very  deep  and  were  stopped  by  water^  as  Aj#  bun  the  fnae 
u>ith  all  th^  &re  bank4  of  titest  valleys.  The  minera  were  always  driven  from 
flue  beds  of  rich  rock-ore  by  the  influx  of  water  which  they  had  no  ade- 
quate machinery  to  keep  under.  We  can  easily  believe  it  therefore,  when 
we  are  told  that  in  the  Old  Pennington  Bank  a  floor  of  massive  rot-k-ore 
from  S  to  IC  feet  deep  underlies  50  feet  of  a  coverings  consistiug  of  wash 
ore  and  seattered  lump  ore  intercalated  between  white  variegated  sandy 
clays  ;  and  that  Ju  the  West  or  New  Pennington  banks  the  deposit  con- 
tifits  of  a  surface  soil  with  a  Httle  ore  5  to  10  feet,  thick  ;  then  wash  <yTQ  in* 
teri^tratified  with  layers  and  masses  of  white,  brown  and  red  tiglit  clays 
iWid  loose  sands  from  50  to  81)  feet,  and  a  floor  of  red  rock  ore  underlying 
all. 

Mj  own  belief  is  that  when  pumping  machinery  of  adequate  power 
oomea  to  be  applied  to  these  deposita,  and  an  approved  system  of  mining 
adopted,  many  hundred  thousatjd  tons  of  ore  will  be  raised  and  sent  to 
Ihe  eastern  furnaces  at  a  living  profit. 

The  southwestward  extent  of  the  deposits  is  unknown.     But  on  the 

south  west  of  the  mvjne  and  hill  spur  beyond  it  a  pip©*ore  and  a  good 
deal  of  **  barren  ore^'  mark  the  cod  tin  nation  of  the  Pennm^ton  ouierop 
through  D.  Bronatetter'e  fields,  and  then  across  Gyer*s  farm.  It  is  cut 
by  a  gap ;  and  then  is  again  visible  crossing  Weight's  farm,  and  (on  tho 
west  land  line)  reaching  to  the  hilltop.  Hence  to  the  Juniata  it  la  hard 
to  trace  ;  but  becomes  visible  again  west  of  the  river  in  Sinking  Valley, 


No.  3.  Beck  Bank  (marked  ^^  nameless  ^^  by  mistake  in  tlie  Key 
List  on  the  largo  map). 

The  eastward  extent  of  the  Pennington  deposit  has  not  been  carernlly 
explored ;  but  at  the  entnvnoe  of  a  K  K  eut,  half  a  mile  east  of  the  Old 
Pennington  Bank,  Huntingdon  furnace  mined  ore  10  years  ago.  This 
Bank  shows  40  <  20x5 —4000  cubic  yards  of  excavationi  with  water  in 
the  floor,  and  wash  ore  walls,  rather  lean  in  quality  and  quantity,  as  now 
visible. 

If  o,  4.  New  Town  Bank,  also  called  Beckys  (and  so  designated  on 
the  large  map\  Ilea  If  mile  eoat  of  Old  Pennington  Bank,  and  was 
worked  for  Bald  Kagla  fornaoe^  snd  abandoDed  for  want  of  pumps  to 
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keep  do v^n  water,  ** good  ore  being  left  standing  in  the  floor."  In  the 
woods  behind  Beck's  and  Aul's  fieldp,  noith  of  it,  small  shafts  were 
once  sunk  on  fine  sized  ore.  In  Beck's  Bank  wash  ore  is  seen  in  the 
walls,  showing  rather  lean.  At  present  there  is  not  much  evidence  of 
the  presence  of  a  considerable  deposit,  and  no  encouragement  is  felt  for 
looking  for  it. 

The  road  to  Warrior's  Mark  Village  descends  to  Warrior's  Run,  past 
New  Town  Bank,  which  seems  to  be  the  remains  of  a  surface  deposit 
once  covering  the  flat  top  of  the  Pennington  Ridge  Anticlinal.  It  is  the 
only  mine  on  this  southeast  dipping  outcrop  that  has  ever  been  opened 
west  of  Warrior's  Run.  But,  that  the  ore  belt  extends  in  that  direction, 
towards  the  Juniata,  is  proved  by  the  heavy  outcrop  of  ore  ground,  shown 
on  the  large  map  and  on  Cross  Section  A  B,  fig.  2,  1^  miles  due  south  of 
the  Old  (east)  Pennington  Bank. 

The  vein  of  ore  pursued  by  those  who  worked  the  New  Town  Bank  is 
described  as  small  and  irregular  in  thickness,  and  not  traced  successfully 
downhill  and  westward  ;  but  much  coarse  ore  covers  the  ground  in  Jer. 
Berk's  fields,  on  which  the  Furnace  had  no  right  to  enter  ;  slight  shaft- 
ings showed  small  veins  of  ore.  Further  west  also,  in  Adelberger's  fields, 
some  ore  was  raised  ;  and  outcroppings  occur  on  P.  Cooken's  farm. 

Warrior's  Mark  and  Lovetown  Range. 

From  Warrior's  Run,  north-eastward  we  have  almost  a  continuous 
series  of  shafts  and  open  cuts  for  a  good  many  miles  ;  viz  : 

Old  Town  Bank  (V)  is  ^  mile  east  of  Warrior  Run  ;  Romberger's  Bank 
(VI)  li  miles;  Hannah  Bank  (VII)  IJ  miles;  Waite's  Bank,  2^  miles; 
Lloyd  Braunstetter's  Bank  (IX)  2§  miles  (with  pipe  ore  outcrops 
to  the  south  of  it) ;  Disputed  Bank,  4 J  miles,  (X) ;  Hannah  Furnace 
Bank,  5  miles  ;  Hannah  Furnace  and  Beck  Banks  half  a  mile  north  of 
the  last  two,  and  less  than  a  mile  west  of  Lovetown  ;  the  pipe  ore  out- 
crops half  a  mile  south  of  Lovetown  ;  croppings  near  the  sawmill,  2 
mile^  east  of  Lovetown  ;  Hannah  Furnace  Bank  and  Bryan  Bank,  2| 
miles  east  of  Lovetown,  and  the  Curtin  Bank  5  miles  east  of  Lovetown, 
and  11  miles  from  Warrior's  Run. 

The  ores  of  these  Banks,  when  rich,  are  black  or  dark  colored,  much  of 
it  of  a  pitch-like  lustre,  and  often  inclining  to  cold  short  in  quality.  Dr. 
Genth's  analyses  in  my  appendix  will  give  their  chemical  constitution. 
When  lean,  they  are  of  a  lighter  color,  brown,  or  liver  colored  ;  clay  pre- 
dominating over  sand  in  the  deposit,  as  compared  with  the  Pennington 
ores  proper.  Some  of  them  may  occupy  a  slightly  higher  geological  posi- 
tion, being  still  further  removed  from  the  upper  layers  of  the  Calciferous 
Sandrock,  and  lying,  therefore,  still  more  in  the  body  of  the  Trenton 
Group*  of  Limestones. 

•  See  Bections  A  B  and  O  D.  The  Trenton  Limestone  proper,  of  the  New  York 
OeoIogtBts  Is  considered  to  be  the  top  member  of  the  Trenton  group.  Our  ores  are  far 
below  it,  and  in  the  lower  members  ol  the  group,  vit.  the  Choiy,  Bird's  Eye  and  Blacic 
River  Limestones. 
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Ko,  5.  Old  Town  •  Banks,  are  atiown  on  Local  Map,  (fig,  1%) ; 
two  old  o|j0u  crtita,  one  iJQ  each  side  of  tUe  malu  road^  and  groupa  uf 
HhLtftji,  principally  north  of  tlie  road.  Thero  la  a  decided  ore-sho^  on 
tb«  smiWe  for  4Tl>  yards.  Opposite  the  new  church,  an  old  ahaft  readied 
a  maxinium  depth  af  110  feet,  touuhUig  **a  Vciu  of  ore.''  (Bocklnjrj 
Conliatlietory  jvccoimt*  are  uow  given  «)f  this  work*  Buine  siay,  that 
th^j  4ijaiititj  of  ore  was  cnorttioiisi,  tiraberB  3(J  feetf  loug  beinn  u#cil  to 
s«p|>on  the  ehaiiibera>  the  ore  dippiug  ateeply  N*  W*  ;  and  that  massive 

Figs.  13^  14,  Fm,  17, 
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are  standB  in  the  aides  and  at  the  bottom  of  the  deserted  mme.  Othei a 
«ay,  that  the  ore  mass,  35  feet  thick,  descended  vertically  with  nndimiii* 
ished  alae  when  the  shaft  was  abaridoned.  It  is  may  be  a  dejKisit  in 
one  of  the  ancii^nt  caverns  or  cresa  fissnres  of  the  Linu^stone  Formation, 
ShttfLs  feunk  kj  depths  of  i^O  and  r>0  feet  sometimes  went  thrt>u^h  clayfi 
withtHtt  ore*  ^Ir.  Booking  sunk  one  80  feet  deep  to  find  a  mass  of  ore 
said  to  exist  helween  three  old  shaft^^  but  5.mnd  nothing.  The  surface 
wash  are  \»  sometimes  only  2  or  ll  feet  deep  ;  in  other  jjlaces  2Q  feet.     No 

•  Called  Towii  m^nk^  oa  Ibe  taetA  M»[i. 

\  The  roek^  ufUie  avIi^hlwrhtKHi  ^ipn"^  U>  M''  S.  £, 
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estimate  of  quantity  is  possible  with  tmdh  infonuatton.    Tbo  visible  »re«k 

mejiaures  about  07,500  square  yards.* 
A  little  pipe  ore  has  been  found  higher  up  the  bill  north  of  the  road, 
He|Tular  and  pFOgresstve  stopiojj  from  the  south-westi  aloog  the  belt, 

may  produce  large  resultn  in  the  future.     But  the  ortjless  clay  of  great 

thickness  iutorveaing  between  tbe  8ur£iC6  wash  and  the  deep  bard  ore 

wiil  make  miniag  expensive* 

'No.  0.  Bumbarger's  Baak,  (Local  Map,  fig.  14,^  ts  an  open  eat  in 
the  south  bank  of  the  east  braneb  of  Warrior^s  Riin^  tb©  surface  of  the 
ground  only  rising  0  feet  above  tbo  bed  of  tb©  stream* 

A  cross-road  sepamtes  the  excavation  into  two  ;  that  on  the  southwest, 
40  <  40  <  10  yards  deep;  that  on  the  nortbeast,  SO  X  SO  X  10  yards 
deep  ;  25,000  t  ubic  yards  in  all.  These  pits  reached  a  depth  of  40  feet, 
wholly  iu  wash-orefs  and  ulays,  without  striking  solid  limestone.  The 
rock  ore  left  in  the  bottom  wbeu  tbe  work  was  dmwned  out,  is  r^porUd 
to  be  less  abundant  than  that  found  above  it.  But  as  the  ore  streaks 
** dipped  faitt  to  the  southeast/*  and  the  limestone  out-orops  of  tbe 
r^eighborhood  dip  from  22-  to  S4^^  in  that  same  direction,  (Kee  Large  Map,) 
gotKl  mining  will  probably  yield  well.  Plenty  of  good  ore  has  heen  won 
here,  and  nothing  but  the  lack  of  pumping  machinery  stopped  the  win- 
ning. Tbos,  Funk  worked  the  Banks  at  one  time  for  the  Milesburg 
Company, 

The  ore  belt  passes  on  eaatward  under  Is.  Buck's  (now  Smith's)  lands, 
whertj  MesHts.  Green  of  Barree  raised  ore,  but  took  no  euffleient  means 
for  est^hliahi tig  a  mine* 

Themie  it  tenters  and  underlies  B.  E&tina*s  faun,  with  its  numerous 
ponds  and  sink  holes,  full  of  promise  for  the  future, 

A  mine  for  Bellefonte  Iron  Works  has  just  been  opened  i  August*  1878^  > 
at  a  point  SOO  yards  nortbeast  of  Rumbarger's  Banks,  (see  Local  Map, 
fig  14 J  where  a  very  heavy  outcrop  exists.  Every  cubic  yard  is  washed 
profitably.     The  cut  is  yet  only  4  or  5  feet  deep. 

As  a  heavy  surfaee  show  extends  150  yards  beyond  Hannah  Bank,  we 
have  here  an  ai-oa  of  4')0  .•  50  =  2350  yards  of  wash  ore  of  undetermined 
depth  ;  besides  the  ruek  ore  undoubtedly  existing  further  down. 

Mining  and  washing  will  here  be  cheap,  and  the  railway  runs  along  tlie 
hillside  at  a  distance  of  300  yards,  and  at  an  elevation  of  S5  feet,  (fig.  H)» 

Further  on,  tbe  surface  show  is  slight,  or  wholly  wanting,!  until  wo 
reach  the  next  excavation. 

No,  8,  Waite  Banks,  shown  in  Loea)  Map,  fig.  15,  consist  of  two 

pits,  100  >:  20   ;<  T,  and  90  X  20  X  'J  -  20,000  cubic  yards,  in  siase^ 

•  Ur«  li  found  la  tbo  toll  of  P«fc«f«1i4iri  Dura  on  tho  »oath  of  the  Town  Bsuki.  Th«r« 
i§  mn  qIiI  «ll|tictnfi;  qti  th«  Hyiknl  f  11.  M.  Tht^itiiiwin  i  Airtn ;  liml  furihtir  wait  (mtoroppingv 
tm  ThoiD.  Q*ni»>,  wlipda  irlul  pU  on  a  Bruii.U  vfilo  nflar  litPtTrphiint  wntitoptiwibyiviiUr; 
Uvciy  oiil4'ft»|*|jliiifS  ihow  In  i^^nriil  fl*;l*U  t)|»  Urn  alojic  tjf  Dry  HoIUjw  rlilgt. 

t  X  »htk\hm  pit  !^  mile  from  HiLntiukh  Bmite  jleMad  wamt  ofv,  Tito  Wftllo  Bank  l« 
400  jsriSi  northoict  of  ttali  ihnft. 
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more  than  SO  feet  deptb  of  good-lcx^kiog  waih  ore  being  seen  in  the  sides, 
ftnd  mttch  lump-ore  havitig  been  won  by  still  deeper  ftUaftt  in  the  mtar- 
¥eiiing  gfound.  The  entire  ore  pmm  must  therefore  exceed  150,000 
cubic  yards.    The  Railroad  h  »  mile  distant, 

Kq.  9.  Braunstetter'fl,  or  the  MeGiathery  Bank,  is  sltusited 
about  1300  yards  beyond  (N.  K  ofl  the  Waite  B&nks,  and  the  interral 
9hQWB  little  on  the  smfaee;  yielded  only  some  lean  ore  to  one  or  two  trial 


Fl0fl.'15,  10. 


Fioe.  16»  19. 


--1-  lT*Vi^ ii*L 


^ 


V 


/fffofejr 


-T 


J^JUJ^N 


pits.  This  Bank,  (see  Local  Map,  flg,  18,)  is  only  80  X  20  x  10  ^  0000 
cubic  yards  large.  It  is  said  to  haye  been  worked  to  a  depth  of  40  or  50 
feet,  but  is  now  fallen  in  and  full  of  water^  and  no  one  seems  to  know 
much  about  it.  Overlying  Limestones  crop  out  150  yards  Houthea&t  of 
it,  dipping  270  S.  43^  E. 

Further  oa  is  the  old  Disputed  Bank,  on  the  high  diTide,  between 
Warrior  and  Half  Moon  waters*  Here  are  seveml  small  shallow  open* 
entft  and  shafts  in  surface  ore;  but  no  deep  mining  has  ever  been  attempted. 
The  ore  seems  to  dip  south,  and  is  sandy.  The  crop  traced  westward, 
beoomjea  good  and  plenty  on  Jos,  Bronstetter's  farm,  who  baa  never  made 
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jtulicioiLs  tiiiils  of  the  deposit,  Jtod  through  the  hollow  lead ing  to  Patton* a 
(now  Waiters)  and  tiie  Llayd  Bank,  ab*»ve  meutfoned* 


No,  10.  The  Ijovetown  Banks,  consist  of  numerous  open-mits 
and  ftlijiftfi  from  which  largo  qiiantitlea  of  ore  have  been  extracted 
and  extensive  preparations  are  in  progress  for  regular  mining  of  IbiB 
important  part  of  the  ore  field.  The  principal  outcrop  occupies  a 
vale  watered  bj  a  small  branch  of  Half-moon,  The  old  shafts  of 
Ahram  Love  were  stopped  by  the  influx  of  water.  Pipe  ore  l«  visible  near 
Lovers  bam.  Haifa  mile  west  ie  an  old  *^ exhausted^*  Hannah  Furnace 
Bank,  On  the  north  slope  of  tlie  ridge  west  of  Lovo*s,  ponds  and  sink  * 
boles  abound,  Hannah  Furnace  had  a  Bank  in  Bavid  Berk's  fields,  and 
abandoned  a  good  deposit  of  ore  Sn  its  flixir^  merely  on  aeeount  of  water, 
Surrounding  shafts  wore  also  sunk,  hut  no  pumps  wero  ever  planted.  A 
few  hundred  yards  west  of  the  open-cnt,  some  of  these  shafts  went 
through  a  pretty  good  "top  vein  •  ^  into  a  regular  deposit  20  feet  beneath 
the  surface.  Son th west  of  this  other  sTiafts  were  sunk  for  the  Miksburg 
Company,  in  Abed.  Stevens*  Helds,  in  good  rich,  sandyg  black  ore^  close 
under  the  sod,  the  poorer  clay  ores  lying  down  on  tlio  limestone  foot  of 
the  hilL  South  of  this,  John  Btine  gatliered  much  loose  heavy  or«  from 
his  fielddf  and  hauled  it  to  Bald  Eagle  Furnace,  many  years  ago  ;  but 
no  sinkings  were  done*  The  outcrop  is  noticeable  in  Jos,  Bronstetter** 
Une  (leading  to  Wrye  Bank)  and  in  his  fields  on  Cronister^s  line. 

The  Lovetown  Banks  are  show  a  on  Local  Map,  fig.  20,  occupy  itig  two 
valcs^  descending  eastward  to  the  Half  Moon  Msiu^  at  the  mill-dam. 

A  rib  of  solid  bltie  limestone  strata,  dipping  S.  acP  E,  >  m<^  la  57^, 
forms  a  low  hil],  up  the  south  slope  of  w :  ich  the  wash-ore  Hdes  on  to  the 
flat  summit.    Xatural  ponds  occupy,  at  points,  the  beds  of  the  two  vales. 

The  north  line  of  the  Love  property  commences  near  the  Beck  Banks, 
and  runs  down  the  northern  vale  to  the  comer  of  the  mill -dam.  The  ore 
has  Ijcen  open-cut  at  Station  37,  165  yards  west  of  where  this  line  crosses 
the  road.  This  once  deeper  old  cut  is  now  only  ten  feet  deep,  showing  in  its 
walls  liver-colored,  somewhat  lean,  wash*ore*  West  of  it  is  a  seriea  of 
fihafts  for  450  yards,  formerly  sunk  iJOor  80  feet  (withont  timberlngj  until 
water  was  reached,  and  after  a  little  side-drifting^  abandoned.  Hannah 
Funaoe  ran  for  some  time  entirely  on  the  ore  got  in  this  primitive  fashion 
frum  these  holes.  In  one  of  them  (St.  39)  pipe-ore  was  found.  Nothing 
more  is  now  known  of  them .  They  are  evidently  on  a  continuation  of 
the  Beck  Bank  deposit,  the  result  of  decomposition  of  ore-bearing  strata 
underlining  the  rib  of  blue  limestone  at  station  r>6. 

The  rest  of  the  ore  on  the  property  belongs  to  the  series  of  rocks  afr^r^ 
the  blue  limestone,  and  to  the  s*iuthem  vak*. 

The  Hrst  shafts  are  sunk  near  Lovo's  house.  8b aft  A  atrack  ore  at  35 
feet ;  B*  pipe-ore  at  3.1  feet.  Ore  has  recently  been  found  southeast  of  A, 
on  the  foot  of  the  opposite  hill. 

From  Station  U  there  exteuds  east  &nd  soutbeftst  down  across  the 
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bottom  of  the  vakj  and  west  and  louthwest  along  thebill-ilopesatid  bill- 
top,  a  u&iveraal  aorfaca  deposit  of  waab-ore*  lu  tbis  area  are  immeroui 
old  gbatH  pitsi  »nd  open- cuts,  and  some  new  shafts  sunk  tbis  summer 
and  falL  Tbe  old  works  were  always  abandoned  on  strikiug  water  at 
varioui*  deptbs  down  to  80  feet,  and  are  now  flOed  up,  and  no  record b 
preserved.     Much  ore  was  certainly  mined  from  them. 

The  new  sbafts  show  that  from  8  to  15  feet  of  waab-ore  in  day  under- 
lies the  surface  at  the  depth  of  a  few  fee t^  and  that  under  the  yellow  and 
white  clays  there  lie  separate  deposits  of  ore- lumps,  tbe  geographical  in- 
tervals being  barren*     There  seems  to  be  no  regularity  of  tbe  ore  layers. 

The  old  shaft  at  Station  48  is  said  to  have  passed  through  twelve  feet 
of  surface  wash,  then  (ore-bearing?)  clays  to  a  depth  of  80  feet,  into 
lump-ore,  which  was  mined  for  several  feet,  and  left  in  the  bottom  when 
water  stopped  the  works*  The  new  sliaft,  only  ten  yards  southwest  of 
tbe  old  shaft,  is  down  80  feet,  and  found  no  ore  in  the  clays,  Tbe  ore 
got  seems  rich  and  rounded,  as  if  water-worn. 

It  may  be  lafe  to  give  twelve  feet  of  wa»b*ore  to  tbe  whole  area,  under 
whicb  are  bard  ores^  yielding  sometimes  ricbly  and  sometimes  nothing. 

The  surface  oi"e  ejctenda  850  yards  along  the  top  of  the  bill.  Most  of 
the  pits  were  shallow,  but  one  at  Station  59  is  said  to  have  been  115  feet 
deep  thro  ugh  wash-  and  lump-ore,  with  ore  left  in  the  bottom. 

The  general  appearance  of  the  deposit  is  the  same  as  at  the  Dry  Hollow 
and  Wrye  Banks,*  No  regularly  Intrerstratifled  ore  is  noticeable*  No 
estimate  of  quantity  can  be  relied  on.  Taking  only  tbe  area  of  heavy 
surface  show,  and  calling  it  850  X  300  yard&i  and  the  depth  twelve  feet, 
we  have  1,020,000  cubic  yards  of  seemingly  good  wash  stuffy  whicb,  at  3 
cubic  yards  to  tlie  ton,  gives  340,000  tons. 

To  this  must  be  added  the  very  uncertain  quantities  here  and  there 
scattered  through  the  under  clays.  As  these  have  been  sometimes  locaUy 
considerable,  it  is  possible  that  one  or  two  or  even  three  hundr^  thou- 
sand may  thus  be  obtained*  As  tbe  principal  part  of  the  Inmp-ore  is 
evidently  at  the  bottom  of  the  clays,  no  knowledge  of  the  quantity  oan 
be  got  until  systematic  mining  reveals  tbe  truth t 

Wash-ore  ground  here  must  be  considered  as  the  main  reliance  for  tbe 
pre^nt.  Washing  here  is  easy ;  abundance  of  water  is  struck  at  oO  or  00 
feet,  and  there  is  plenty  of  room  for  settling  dams*  The  railroad  Unev 
adopted  for  a  branch  to  the  main  railroad,  nses  one  mile  on  a  WZ  feet 
gmdient,  and  descends  one  mile  on  a  46  feet  gradient* 

Tbe  ore  has  a  much  more  extensive  range  than  that  above  described, 
for  Mr*  Fislier  has  opened  three  small  pits  on  ore  just  beyi>Ttd  tbe  nortb- 
e astern  pro[fterty  line ;  and  tbe  Beck  Banks  show  that  it  passes  south- 
westward  into  tbe  adjoining  properties  in  that  direction  alio. 

An  analysis  of  Lovetown  ore,  from  tbe  lai^ge  pit  at  Station  4il,  Hg.  M, 
made  at  ray  instance  by  Mr*  Perslfor  Fraaer,  Jr.,  Professor  of  Chemistry  In 
the  University  of  Pennsylvania,  shows  a  percentage  of  phosphorus  low 
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eooogh  to  bring  thi«  one  within  tb6  limlta  of  safe  me  in  the  maisafacture 
of  iroti  for  Uie  Besaemer  proceas.  The  spacific  gravity  of  the  apeoimena 
wUM  S  52.  The  calcuJattid  percentage  of  metallic  iron  was  45.  SO ;  alumina 
16,53  ;  EiUea  &-63  ;  lime  0«5S ;  sulphur  0.04  ;  and  pho&phoric  acid  0*05. 

Between  Loveiown  and  Stormatrtwii  (a  distance  of  3^^  milea)  no  ore  ia 
viiihle  near  Bald  Eagle  mountain,  although  considerable  quantities  of 
M9  lie  in  the  fields  ju«t  northeaat  of  Loretown  ;  but  on  a  line  parallel 
vith  tise  monutaln,  and  about  a  mile  from  its  base,  in  a  hollow  loading 
from  one  branch  to  the  other  of  Half  Moon  Untif  a  very  fine  outcrop 

FiOB.  21,  22.  Fioa,  23,  24. 
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range  of  tolerably  big  pieces  of  ore»  closely  covering  the  surface,  runs 
pait  the  sawmill.  It  leads  directly  to  the  two  Bryan  Banks,  and  is  there- 
fore important* 


Ho.  11.  Lytle's  Bank;  No.  12.  McKinney'e  Bank.  These  are 
the  old  Bryan  Banks,  2|  miles  N.  E.  of  Lovetown,  aa  shown  at  the  eastern 
limit  of  the  tjarge  Map,  and  in  Local  Map,  fiij.  22. 

The  Ly  tie  Bank  was  worked  a  long  time  ago  for  Hannah  Furnace,  and 
measures  about  70  X  20  :<  10  ^^  14,000  cubic  yards.  Very  little  lump- 
ore  is  now  visible,  the  walls  showing  about  ^  feet  thickness  of  wash>ore^ 
A.  p.  fl, — TOL.  xrf.  o 
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McKinn^y*s  Hank,  worked  for  Penniyl^ama  Fumaoei  ia  much  smaller, 
liny  25  X  20  X  1*^  —  5*000  cubic  yards,  and  exhibits  the  Bame  aspeet. 

Shafts  sunk  bf^lween  the  two  eatuavations  on  both  sides  of  the  road^ 
leading  aoutb  frora  Htormstowu  to  Gatosburg  and  Pennsjlvania  Fumaee, 
always  struck  good  ore»  dipping  to  the  Houtheaat ;  aa  do  the  limestone 
outeropa  of  the  iioighborliood.  We  have  here  a  pri&m  of  ore  deposit  at 
l«?ast  350  >  100  v  to  —  JilO^OOO  cubic  yards  in  mm ;  probably^  after  all 
due  allowances,  quite  that  many  tons  of  ore. 

The  Curtin  Baok^  a  loug,  narrow  open-cut  on  a  prolongation  of  this 
outcrop,  beyond  the  Hndts  of  the  map,  2^  miles  N.  E.  of  the  Mc Kinney^ 
and  the  Lam  borne  Hauk,  IJ  miles  farther  in  the  same  direction^  have 
yielded  ooUl  short  orcR,  similar  in  appearance  to  the  Pennington.  Tbeae 
and  other  works  of  less  importance  show  the  fiersistent  straightneas  j>f 
the  outcrop  of  the  ore-carrying  strata,  parallel  with  the  Bald  Eagle 
Mountain,  at  the  foot  of  which  tiows  the  east  or  main  bran  oh  of  Half 
Moon  liun,  with  a  limestone  ridge*  between  the  Valley  of  the  Kun  and 
the  ore.  The  Valley  oE  the  It  an  marks,  of  oourse,  the  line  of  the  Qreat 
Bellefonto  Fault. 

At  McKinnoy  Bank  we  are  three  miles  from  the  rail  way,  where  it  strikes 
and  begins  tp>  descend  Half  Moon  Hun.  The  Lovetown  Banks  require  a  rail* 
way  two  miles  long,  descending  the  west  branch  of  Half  Moon,  with  a 
grade  of  40  feet  to  the  mile,  or  else  a  iTiilway  across  the  ridge  IJ  miles 
long,  with  i^nidients  UO  feet  to  the  mile,  as  described.  The  line  of  tine 
roiwi  was  originally  located  to  LovetowOj  and  thence  down  Half  Moon  ; 
but  it  was  considered  more  desirable  to  carry  it  across  the  Dry  Hollow, 
among  the  ore-banks  to  he  hereadter  mentiotied. 

Before  returning  to  these  baoks  and  the  neighborhood  of  the  railwayi 
1  will  describe  &  group  of  banks  lying  south  of  the  Lytle  and  MclCinney 
Bauk^,  at  the  east  edge  of  the  map,  and  on  outcrops  somewhat  higher 
in  the  Lower  Silurian  Series. 

Dbt  Hollow  RAivaE* 

No.  13.  Hannah  Furnace  Bank  Ho.  2.    Two  hundred  yards  east 

of  the  Gatesburg  road  is  a  bole  40  >;  20  <  10  —  6,000  cubic  yards  in 
•size,  excavated  on  the  broad,  flat  top  of  a  ridge,  as  shown  i^n  Local  Map, 
flg  25,  It  was  long  ago  abandoned.  The  ore  seems  good  and  abundant, 
15  to  SO  feet  of  wa»h-ore  showing  in  the  side  walls,  and  coming  close  to 
the  surface.  All  the  down-sUd  stufi'  may  be  washed.  Massive  sandy 
•  limestones,  lR(i  yards  N.  W.  of  it,  dip  S.  m-  E.  *28^  ITjO  yards  further 
.N.  W.,  niamvu  white  sand  rocks  dip  the  same. 

Ko.  14,  Bull  Banks,  half  a  mile  ea^t  of  the  last,  and  in  line  with  it, 
oonsist  of  two  excavatinns  on  the  soutli  brow  of  the  ridge  ;  see  A  and 
%  local  map,  ftg.  27.  Much  sandy  ore  was  formerly  taken  out  before 
these  banks  wep»  abandoned,  20  years  ago.     A^00y50Xl0— :iO,U(M>,  and 

•  Tbli  ri'lK:«,  by  iiP  uTflnlg:iit,  Li  not  repreteoled  oil  tfae  Mip,  nt>  lurreylug  hM^im 

Mem  lione  laortli  oftht  MoKlnney  Buiki, 


[Leilef 


B— 80X40X10=33,000  cubk  jardB.  A  shows  wash  ore  in  the  side,  which 
h  f0  Ibel  high  above  the  water  in  the  bottom*  B  ibows  about  tM)  feet 
«f  ffwtdiiib  wash  ore,  with  verj  little  lump  ore,  from  the  water  to  the  sut- 
fbee  Qi  the  hill*  A  neighbor  who  hiMJ  worked  In  the  pits,  roporta  that 
leTOcal  feat  of  deep  brown  richer  ore  was  found  lying  everywhere  in 

Fig.  25. 


licith  bankfl  beneath  the  mass  of  reddish  leaner  ore.     All  this  awaits  the 
tima  of  improved  mining  with  pumps  and  washers, 

Ftg,  87  shows  other  old  workings  in  the  same  deposit  from  «O0  to  80G 
yards  to  the  south- west  of  A  and  B.  From  two  of  these  there  have  been 
taken  ab^ut  15,000  cubic  yards  of  wash-ore,  which  stiU  exhibits  itself  30 
feet  deep  in  the  walls  :  the  one  furthest  to  the  north-west  in  fig.  27,  has 
been  deep,  say  40  foet,  but  now,  like  all  the  larger  cuts,  has  standing 
water  and  mud  in  Its  bottom,     Ntimeroos  shafts,  all  yielding  ore,  give 
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U8  data  fot  calculating  an  ore  prism  in  sight  of,  fta^r  ISOX^OOXl^^— ^^* 
(KM)  cubic  yards. 

No*  15,  Fond  Bank,  No*  l,  worked  for  Peniifiylvaiiia  Furnacet  lies 
in  the  liolloir  at  the  foot  of  the  Hdgc,  }  mile  south  of  the  Bull  Bank,  see 
local  map,  flg,  20.  Its  honeycombed,  rather  light,  easy  Bmelting  ore, 
(mixtDg  well  with  the  more  sandy  ores  of  the  Bull  Bank  Hill, )  dip«  also 
south-east,  and  therefore  belonga  to  a  limestone  out-crop  still  higher 
in  the  aeries^  which  is  sufflcicnt  to  account  for  ita  different  quality,  A 
great  deal  has  been  removed  from  this  Bank  ;  but  much  still  remains  to 
be  won^  and  water  to  wash  it  is  abundant*  This  is  include  in  the  prism 
of  ore  calculated  last  above. 

Wo.  16,  Red  Bank,  (Floyd's  Old  Bank)  at  the  road  side,  half  a  mile 
son th- west  of  the  Pond  Bank^  (seo  Local  Map,  fig.  25, )  is  a  cut  in  the 
same  out- crop.  The  amount  of  ore  is  therefore  very  great ;  for  the  con- 
tinnity  of  the  deposits  has  been  fully  proven*  The  red  rock -ore  1 35  or  40 
per  cent.)  descends  in  a  solid  stratum  from  8  to  10  feet  thick,  at  a  dip  of 
about  35^' to  the  B.  E.  Over  this  licB  a  stratum  of  white  clay,  3  feet 
thick*  Over  this  black  ore  in  solid  masses  and  gieat  lumpa  scattered 
thickly  or  thinly  through  several  yards  of  wash  ore,  to  the  surface*  Some 
of  these  lumps  are  2  feet  long  by  1 1  feet  thick. 

This  Old  Gatefiburg  Bank,  aii  it  is  sometimes  called,  was  worked  40 
years  ago^  and  has  been  re-opened  now  to  show  itJ^  character. 

The  red  ore  wqa  too  slHceouB,  and  hard  to  work  in  the  small  cold  blast 
charcoal  furoacei*  of  the  region  ;  but  it  will  be  eagerly  sought  by  modern 
hot  blast  coke  or  anthracite  furnaces* 

The  black  ore  masses  were  elected  for  charcoal  cold  blast  usei  having 
50  to  55  per  cent,  of  iroo  and  l>eing  fusible  ore. 

It  is  impossible  to  say  how  deep  these  strata  descend  on  their  25^  dip 
in  a  peroxide  condition.  Hut  allowing  only  100  feet,  we  have  in  a  mil© 
of  outcrop  150,000  cubic  yardt*  of  red  rock  ore ;  and  as  the  wash  ore 
ground  holding  the  black  lump  ore  deieeuds  with  it,  and  spreads  over 
a  belt  of  surface  more  than  100  yards  wide,  there  mast  a  be  half  mill  ion 
cubic  yards  of  it  at  the  lowest  computation** 

The  old  cuts  at  the  elbow  of  the  road  west  of  the  two  ponds  in  ftg*  27, 
have  had  about  80UO  cubic  yards  excavated  and  are  Dow  filled  with  water 
to  within  10  feet  of  the  urface,  showing  that  much  wash  ore  without 
lumps*     The  two  larger  cuts  150  yards  north-west  of  them,  measure  about 


•  I  bjSTft  do8crll>©c!  at»ov«i  only  whut  I  iaw.  Mr.  PIftU  wm  Jnformed  that  under  13  feet 
of  etftjr  lid Ld lag  Mmch  luisp  ore,  laf  I  I^et  of  white  clajr  wlthoat  urcK,  andet  whU'h  iayr  l| 
fMt  of  red  rook  ofv  in  red  elaj,  tuid  ore  wa«  itm  underroQt.  I  gUn  liiie  rtpon  Ciir  whM 
It  U  WLirtliH 

Mr.  Hocklnir  Bpeake  of  rod  rcwk  tire  oaly  fl  feet  thick,  "  und  another  tkir  lajw  In  the 
niaya  ati>orv,  nil  workAhle:  reHlofe  not  vtiTj  rioht  sLllclont,  bat  wtth  viifhle  sand  ;  rleb 
black  f>ro  In  thu  iifp  reln^  [the  word  he  alwayi  ntea  for  a  trtrAtana  of  ure)  ;  on  tbe  wbotA, 
|iro]jer  for  cokv  fUrn^oe  nfei  mluiii^  roqalrlas  pump*  ;  dvep  wnrklogf  at  hand ;  an  im- 
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good  ore  at  the  Furnace  itself.  PiU  of  standing  wator  show  30  feet  of 
wasli  ore  in  tlieir  walls. 

This  ootnpletes  my  sketcli  of  this  '*  dry  hollow ''  outcrop  eastofTIalf 
Moot)  Run*  It  is  a  dry  hollow  because  the  whole  lime»tone  underground  ii^ 
caveruoui",  and  water  springs  up  ahundantly  id  every  esc  cava  tion«  but 
do0!*  not  flow  over  the  surface.  This  is  a  prime  factor  in  the  problem  of 
he  genesh  of  thes«  ores,  and  must  be  taken  into  C4itisideration  in  all 
speculations  respecting  the  depths  to  which  the  browD  hematite  ores 
descend  in  a  minable  form. 

The  outcrop  belt  of  surface  wash  ore  and  regular  rock  ores  in  which 
tike  Hannah  Furnace^  Bull,  Fond,  Red  and  California  Banks  are  eKcavated^ 
p£i!^es  on  north -east  ward  into  the  untried  wildemesfi  of  the  Barrens^ 
where  we  find  upon  it  the  Floyd  Bank,  an  open  cut  on  highland  ;  ore 
very  sandy  for  charcoal  furuftce  use,  but  good  and  abundant  for  hot  blafit 
coke  or  an tb  incite ;  and  good  charcoal  ora  could  be  selected  from  it 
atiU. 

No.  18,  Beider^s  Banki  half  mile  east  of  Gatesburg,  is  a  small  sur- 
face opening  of  5t)  >  20  >  5  ^  3000  cubic  yards  extent.  On  trial  at  Cen* 
tre  and  Hannah  Furnaces  it  was  refused.  The  surface  of  the  broad 
tow  hill  north  of  the  village  is  a  sheet  of  wash  ore.  The  roads  north  to 
Stormstown  and  west  to  Warrior  Mark  expose  ore  ground  at  the  surface , 
on  the  slopes  of  the  dry  boUow  in  which  the  village  stands^  and  to  the 
north  and  south  of  the  village.  The  old  oj^inhig  on  the  roadside  350 
yards  south  of  the  village,  is  entirely  tilled  up.  Considerable  quantities 
of  very  rich  lump  ore  were  taken  out  here  many  years  ago,  mostly  from 
underground  galleries.  Much  ore  ground  occupies  the  surf  see  for  more 
than  100  jards  northeastwards  Limestone  crops  out  -iiX>  yards  west 
of  it  dipping  t5.  30^  E.  >  20^,  and  BOO  yards  north  of  it  dipping  8-  aO^E 

No- 10,  Whorrel  Bank,  (see  Local  Map^  fig.  17,)  is  a  continuation 
iw>uth-west  across  Half  Moijn  Run  of  the  Gatesburg  outcrop,  which  Is  here 
nearly  TjW  yards  broad.  The  open  cut  on  the  north  side  of  the  Gates' 
burg  road  is  about  40  >  13/;  5  —  2000  cubic  yards ;  that  on  the  south  side 
SO y  20x3  —  1800  cubic  yards.  Both  have  standing  water  in  the  bottom, 
und  wash  ore  in  the  wallSj  while  very  heavy  outcrops  appear  along  the 
road,  as  well  as  along  the  cross-road  leading  up  the  ridge  north  to  Love- 
town,  beyond  which  an  old  shaft  has  struck  the  underlying  sand 
rooks. 

Tlic  doable  excavation  in  fig,  10, 110>  40>  7  —  30,800  cubic  yards  large, 
is  aepamtcd  by  a  stratum  of  limestone  dipping  9.  3<PE.^>26^V  (one  expo- 
sure looking  like  ^f^\)  the  ore  underlying^  overlying  and  surrounding 
one  end  of  it.  The  wash  ore  in  the  side  walls  docs  not  look  rich.  It  is 
reported  that  these  holes  were  dry  40  feet  deep  and  yielded  good  ore. 


»  Tbi'  boriioQ  of  tbU  «im]  th«  W1iorr«l  twnk  li  ft  111  &lgb«r  lb  the  i 
i  Sf»7Uuii  Q  D  (Ag.  3>  will  lD«fc«  «Tia«aL 
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Wanior^B  Run  ;  and  along  aide  of  one  of  the  tummit  outs  of  the  railroad. 
Good  wash  and  lump  ore  «ihow  in  the  walls.  No  sandy  ore  ia  seen.  The 
Tt  Rent  shows  10  feet  of  wash  ore  for  a  length  of  100  yards.  Altogether 
we  have  hef©  say ♦  40, 000  cuhio  yards  of  ore  in  sight. 

K o.  21,  Wrye  Bank.  The  local  naap,  ^,  2%  shows  this  eitensiv©  group 

of  ahafU  conamencing  450  yards  northwest  of  the  railway  traekf  at  an  eleva- 
tion of  40  feet  above  it,  and  c  >ntlnmng  along  the  road  up  the  slope  to  an 
elevation  of  100  feet  above  the  K.  R*»  a  distance  of  400  yards.  Over  most 
of  this  surface  the  show  amounts  to  Uttle,  proving  how  little  we  can  rely  on 
the  surface  indications  as  negative  testimony.  For,  these  works  were  ex- 
tensiTely  driven  from  18^2  to  1857^  and  yielded  some  very  rich  ore,  whOe 
the  surface  showed  only  poor  sandy  ore* 

There  is  one  open  cut^  g5>r30x  10=5^000  cubic  yards  large,  showing  wash 
ore  in  the  walla  from  top  to  bottom,  none  of  it  rich,  decidedly  sandy  i  holding 
ironstained  cak.  sandstone  masses,  us  at  the  east  Pennington  liaiika.  Yery 
good  open  ore^  bluish,  and  heavily  charged  with  manganese  occupied  the 
west  end  of  this  open  cut  (Bocking).  An  old  miner  rcpoi-ts^  that  in  the 
shafts  they  went  through  26  feet  of  pretty  worthless  loose  stuff  and  then 
worked  18  feet  of  good  lump  ore,  without  getting  through  ;  that  the  shafts 
up  the  hill  were  dry  ;  those  lower  down  quickly  filled  with  water,  and  were 
therefore  abandoned,  one  after  the  other,  before  they  could  get  out  more 
than  10  or  12  feet  of  lump  ore.  What  the  charcoal  furnace  miners  called 
worthless  is  now  valuable  for  hot  blast,  especially  anthracite  furnace:),  and 
the  whole  of  this  great  deposit  will  be  washed  and  sold.  The  breadth  of  the 
belt  of  shafted  ground  is  about  100  yards,  but  must  be  eonsidered  as  in- 
definitely greater  along  the  strike. 

I  am  informed  that  in  these  old  diggings  the  body  of  ore  sank  to  50 
feet  beneath  the  surface  and  thinned  away*  but  came  in  thick  again  lower 
down,  and  approached  the  surHice.  Two  good  pillars  are  known  to  be 
left  standing  in  the  old  works,  under  a  top  covering  of  sand,  one  at  the 
lower  end^  the  other  at  the  upper  end  of  the  workii.  In  the  last,  solid 
rich  rock  ore  lies  45  feet  beneath  the  surf  sac© .  All  the  shafts  are  now 
oaved  in.  The  ore  layers  were  traced  for  myevBl  hundred  yards  east- 
ward by  trial  shafts. 

The  appearance  of  this  ore  differs  from  that  of  the  Pond  Bank  Ho*  S  id 
much  that  we  siiould  sm^peot  them  to  belong  to  a  different  geological  hori- 
zon. This  suspicion  is  almost  confirmed  by  the  general  southeast  dip  of 
the  outcropping  rocks  here  and  there  exposed  at  the  surface.  This  import- 
ant structural  question  is  clearly  expressed  by  my  Section  C  D  (tig.  8], 
which  pafises  through  these  banks.  It  is  quite  certain  that  the  rocks  which 
on  dissolution  delivered  these  ores,  are  the  mother  rocks  also  of  the  Kerr 
and  Bredin,  Hostler  and  Pennflylvama  Furnace  ores  to  be  described  here^ 
afti.'^r.  The  great  breadth  of  the  Dry  Hollow  Outcrop  belt  corresponds 
with  that  of  the  localities  just  named,  and  I  think  it  pretty  evident  thai 
we  have  here  two  horizons  of  Lower  Silurian  ore-bearing  limeatones 
close  together. 

The  old  Sandy  Bank  is  a  group  of  Hmall  shallow  pits,  in  very  sandy 
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SQT&oe  ore,  but  rich  and  good  when  washed,  on  the  bill  slope  a  few 
hundred  yards  northeast  of  the  Wtjo  Bankt  Bhowing  the  contmimtiou  of 
the  outerop  id  the  direction  of  Half  Moon  Run. 

In  the  other  direction,  the  outcrop  has  been  ex  plaited  at  the  old!  Pond 
Bank  of  Bald  Eai^le  Furnace,  50C)  yards  southwest  of  Wrye  Bank,  and 
nearly  In  the  bottom  of  the  vale,  whieh  deepens  rapidly.*  It  lies  close  to 
the  foot  of  Hickory  ridge ;  ore  light  but  good,  not  sandy,  and  easy  to 
smelt.  A  pond,  dry  in  dry  seasons,  covers  some  of  the  old  diggings. 
Much  surface  ore  covers  the  neighborhood,  and  it  will  hereafter  be  an  ini- 
fPOTt&nt  mining  ground,  with  heavy  clay  cover  to  the  orcj  requiriDg  hard 
pumping. 

Top  ore  of  large  si2;e  abounds  around  a  sink-hole  in  Isaac  Oano's  Beldst 
on  the  north  slope  of  Hickory  Hidge,  a  mile  S.  W,  of  the  pond-  The 
pieoea  seemed  r<iiled  from  an  outcrop  of  good  ore  seen  half-way  up  the 
Mil,  in  the  Huntingdon  Furnace  woods. 

At  Sirapeon^s  Bank  <  i  mile  further  west)  the  wa^h-ore  is  good  and 
eaay  to  «melt.  Whereas  at  Andrew's  Bank,  adjoining,  (the  Warrior's 
Mifk  and  Pennsylvania  Furnace  Koad  separating  them, )  sandy  ore  only 
has  been  taken  from  the  open  cuta,  but  no  shafting  done. 

Jos.  K rider's  fields  ara  covered  with  very  rich  scattered  pieces  of  ore, 
some  lumps  weighing  400  pounds.  Attempts  to  ^ndabedata  little  gap 
near  by,  have  failed  thus  far.  The  shafts  were  tried  in  thick  woods ; 
others  were  too  low  on  the  hill  slope,  and  encountered  only  wash  ore. 
There  is  undoubtedly  a  heavy  rock-ore  deposit  somewhere.  Similar 
shows  are  again  seen  half  a  mile  further  on  (west)  opposite  the  old  wash- 
machine,  and  Huntingdon  Furnace  has  picked  off  the  surface  much  of 
this  loose  blook*ore.  A  small  layer  was  found  iu  two  or  three  shafts,  but 
never  followed  up  to  see  what  would  come  of  it. 

No.  22.  Bixon^B  Banks  are  only  a  few  small  holes,  fallen  shut,  with 
n  flight  sandy  ore  surface  show,  100  yards  west  of  the  road,  where  it 
urosses  the  head  of  the  middle  branch  of  the  Dry  Hollow.  Here  **a 
small  Lrrei^ular  vein  yielded  good  ore  a  little  west  of  it,  on  a  detached 
knoU,  a  tliicker  vein  tof  poorer,  flinty  ore  was  found,  at  the  edge  of  a 
pand,  and  was  thought  not  to  pay  for  pumping,  to  get  for  charcoal  fur- 
nace ase.f 

*  TbLa  mud  tbofollQwIag  txamerl  B&iilca  arti  tiol  ozhlbltoil  on  the  IjLrge  MAfi,  bt^tn^xtm 
nut  iica]ra.tsl7  located.    Tbelr  deiKrlptioni  I  g:ot  from  Mr.  BeeklDg^a  Ds>tes. 

t  Mr.  BocltlDg  thlnkH  tas  remembers  that  thfi  vein  baU  *  tleclded  north eni  pitch, 
iio4  dlfltingulihee  It  th^i  from  aU  the  ijtb«r  v«ini  of  thfB  rataf^?.  This  niti^t  be  either  a 
mlstAki;  or  a  mevs  local  bocident.  Mr.  Platt^i  a<?1d  ootcfl  alio  mark  a  doubtfkl 
n.  «i°  W.  >  3i^  dip  of  the  Umeetonce  In  the  thrungh-cat  340  yunl*  northwest  of  tlaUroad 
Mctton  stako  81-*i>.  Bat  loo  yapJu  N.  Eh  of  tbe  sutoostjiku,  soR  rotten  Umettonet^tratadlp 
S,  St»°  E,  ..*  •JCi'=*.  Othur  RiLUroajJ  exiwBureD  show  that  the  S.  E.  dip  dominates  the  strue- 
ter«.  Thtu  at  Ballroad  station  4145,  Is  a  thorough-cut  tn  bine  Umettoraef  dipping  S.  BCP 
E.  ;:.  JH^  with  regular  t'lcAv-a^e  plitR&it  N.  60°  W.  ^..  TO'';  «l  lUl,  a  good  e^Eposnre  of 
Um«itoa«  tl^es  S.  30^  K  >  ^'^.  Iu  BaNraiuJ  cut  at  4194,  saady  Aud  blue  Umc^tonett  the 
layeri  «Mm  to  dl|jS,  60°  E.  >  n^\  In  the  cut  ISO  yatdi  S.  W,  of  Ra|lr<»d4l60  bard,  iwd^ 
llniwtwciAs  dipS,  45^  ta£0^  E.  >  29"?. 
A,  r,  s.— VOL.  xir,  h 
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The  old  Kelsey  Bank  yielded  much  good  ore,  years  ago,  in  futmet 
shaped  pockets,  not  oonUnuous* 

No.  23.  Little  Dry  Hollow  Banks  (see  Local  Map,  fig.  14)  are  near 
the  crest  of  the  low  hill  dividini^  the  middle  fi-oni  the  north  branch  of  the 
Diy  notlow.  No.  1,  la  a  amall  bole  on  a  sioal!  outcrop  ri^p*]irted  to  have 
yielded  &ix  to  eight  feet  of  sandy  lumiJ-orf*^  soon  runninif  out  No»  3 
consiate  of  a  group  of  small  pita  and  tdal  dbaftfl  on  «  slight  outcrop. 
Some  ore  wae  got  from  sbafta  A,  B,  and  C,  The  appearanoeii  hero  are 
uot  favorable  for  future  raining  prospects.* 

No,  24*  The  Dry  Hollow  Banks  are  the  central  figure  in  the 
broad  expanse  of  outcrop  which  soems  to  All  the  hollow  and  its  three 
head  hranchea^  and  to  cover  the  dividing  slopes,  iu  many  places  if  not 
continuouslyp  north  of  the  Railway.     They  are  ahown  in  map,  fig,  29. 

Fio.  39, 


^^mti^ 


.i^jM*it 


In  the  south-east  corner  of  thi.^  miip^  the  railroad  curve  ought  to  have 
l>cen  designated,  the  diAtanco  of  the  track  from  the  principal  excava> 
tion  A,  being  less  than  400  yards. 

The  cut  on  the  «wjutli  side  of  the  township  rtmd  is  pictured  by  Mr. 
Harden,  in  fig.  2%  \  that  on  the  north  of  the  road  in  fig,  W ;  and  the 
road  itself  in  ^%.  31;  the  wash-ore  in  the  IL  H,  cutting  at  the  curve, 
south  of  the  banks,  is  shown  in  6g.  ^3, 

The  Dry  Hollow  Bank,  \  mile  north  of  the  H.  R.,  2J  miles  R  of 

*  Mr.  B^klniaf  r&poriiHl  »umv  /M.re  uga  XXmX  thp»e  worki  nK^rely  won  itDall  voisi  tcil 
lap  tir«,  wtilje  ttio  body  of  ©re  li  OQiloabtMllj  left  under  Ihe  lltUa  jHinds,  lie,,  at  the  fmrt 
of  iliB  bill.  Good  oro  njed  lo  |}«  ml««d  frtim  ttie  LitUo  Dn'  Hulluw  Bank,  but  pffurt*  ta 
"  fwwYer  thfl  vein  "  «ime  few  yeir&  iiffo  r*il«<^  aUboiaifh  the<  oro  berc  Hde*  to  the  top  of 
the  bill,  wkflt«  U  It  plpM»ra  'u  It  aIm  Ia  filpe^r«  oa  tbe  northern  ilde  ol  the  bfli). 


Lealef,  ] 


60 


[JuLS&iidF«D.  01 


day.  Tke  dip  is  southward  (towards  the  great  central  ayndinal)  and 
deep  workings  and  powerful  pumps  are  needed,  in  future,  south  of  the 
old  shallow  surface  workings. 

Frora  Drj  Hollow  Summit  Cut  for  the  Railroad  to  the  firat  ehafta,  a  dis* 
tance  of  about  400  yards,  there  is  a  decided  outcrop.  The  ahafta  extend 
over  300  yards  to  the  edge  of  the  big  open  cut  A,  ftg*  2i)*  They  seem  to 
have  gone  down*  through  wash  and  lump  ore  BO  feet  to  water,  whieh  in 
all  ca^ii  stopped  the  works.  The  lumps  alone  were  carried  to  the  fur* 
nace.  The  wash-ore  was  not  valued  then  ;  now  it  is  merchantable.  The 
linking  was  done  at  random  and  ore  wa»i  alwayti  got. 

Mr*  Flatt's  estimates  ou  the  ground  are  aa  follows  : 


110x4f>Xl<> 

=    44,0001 

50V 15X  8 

^      6,000 

70,00(1 

5015X  6 

^      4,550 

cubic 

80X35X10 

^     15,000 

yards  of 

50X10X  5 

^      3,500 

excavation 

lOOXlOX  i 

-      4,000j 

done. 

The  main  bank  A  ^  shows  wash -ore  of  very  variable  richuesH  from  top 
to  bottom,  50  feet.  The  sbafts  at  B  are  reported  60  to  70  feet  deep,  through 
wash  and  lump  ore.  From  shaft  C,  on  the  roadside,  dO  feet  deep,  1^300  tons 
of  e:xcel1eDt  lump  ore  alone  was  selected  for  use. 

About  :iOO  yards  north-east  of  the  Banks^  the  railroad  line  has  exposed 
a  mass  of  lump  and  wash  ore  of  exoellent  quality. 

The  Old  Bed  Bank  of  Bald  Eagle  Furnace  is  on  a  ooutinuatiou  of  the 
Dry  Hollow  deposit  south-west,  but  higher  up  the  hillside.  It  is  shown 
in  local  map,  fig.  10.  Mining  was  confined  to  the  surface  ore  which  was 
sandy  and  without  *  re^lar  veins  ;'  but  no  one  knows  how  the  deposit 
of  ore  is  to  the  deep. 

The  surface  show  between  the  Dry  Hollow  Banks  and  the  Red  Bank  is 
not  so  heavy  as  where  the  old  excavations  were  made  ;  but  the  deposit 
underueath  is  really  contmuoui  and  uubroken,  as  is  shown  by  the  cut- 
tings  through  the  ridge  made  by  the  railway  between  the  two  localities. 
Beefig.  10. 

Here  wash  ore  has  been  exposed  for  100  to  125  yards  along  the  track  ; 
sometimes  10  feet  thick  resting  on  clay ;  sometimea  20  to  25  feet  of  wash 
ore  hotdiug  larger  lumps.  The  varying  thickness  of  the  red  clay  and  ore 
layers  in  this  cut  is  an  instructive  example  of  what  the  miners  found  in 
their  shafts.  Some  of  the  lumps  weigh  300  to  400  lbs.  Very  few  pieces 
of  silex  appear  ;  and  on  the  whole,  this  deposit  looks  freer  from  silica 
than  any  in  the  valley*    Little  or  no  soil  covering  exists. 

The  Red  Bank  pits  and  shafts  are  very  numerous,  and  all  shallow.  The 
ore  when  smelted  alone,  at  Bald  Eagle  Furnace,  made  first  class  iron. 

From  the  south-west  end  of  the  Red  Bank  to  tlie  north-east  und  of  the 
Dry  Hollow  Bank  is  about  1000  yards.      The  breadth  is  2(W  (say  150) 
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isent  to  EoBtingdoii  FmnAOd  ;  an  wa«  done  in  other  places  along  thii 
part  of  the  tnnge  on  the  Souib  Slope  of  Dry  Hollow  Kidge.  No  atten* 
tion  waa  paid  to  tbe  gt^at  body  of  waaU  ore  forming  the  deposit,  and  no 
effort  to  mine  to  the  deep,  A  vast  body  of  ore  ground  awaits  future  ex- 
ploration and  excavation,  within  a  mile  of  the  railroad.  Qu&riz  oocun 
in  this  ore  bank. 

Ko.  29,  Bressler  Bank,  (see  tig.  1(1)  i»  a  collection  of  small  boleS| 
on  the  north-west  side  of  the  ridge,  in  a  ravin©  deacendiog  to  the  east 
faratidi  of  Wanior^s  Run,  and  distant  from  the  railway,  half  a  mile* 
About  2^^(Xt  cubic  yards  of  excavation  seems  to  have  been  made  in  past 
years.  The  pits  are  fallen  in,  showing  sandy  wash  ore  in  their  sides. 
Eight  feet  of  lump  ore  is  reported  as  mined  in  this  locality.  No  geo- 
logical indications  of  the  structure  appear. 

This  completes  all  I  have  to  say  hene  of  the  Dry  Hollow  outcrop »  For, 
although  ore  has  been  found  further  south- west  along  the  south  side  of 
the  ridge  t<jwardi*  Warnor*s  Run,  no  mining  has  been  dime  ;  and  the  Old 
Beat  Bank,  (No,  1)7, )  is  so  out  of  line  wtth  the  Banks  above  describedi 
thai  it  may  he  left  for  notice  in  oounection  with  the  ores  west  of  Warrior^s 
Hun.  But  I  shall  describe,  further  on,  the  coDlinuation  of  this  range 
where  it  crasses  Warrior*s  Mark  Run  and  at  tlie  Huntingdon  Furnace 
and  DoTsey  Banks. 

I  pass  over,  therefore,  to  the  Cale  Hollow  (Kerr  &  Bredin^  Hostler  and 
Pipe-ore)  Banks  further  south-east* 


Tab  Calk  Hollow  Rakoe!;. 

Cale  Hollow  is  divided  from  Dry  Hollow  by  Hickory  Ridge,  as  shown 
in  the  Large  Map  ;  and  its  ores  lie  in  a  deeper  and  narrower  syuclinal 
than  the  ores  in  the  gentle  and  wide  synclinal  of  the  Dry  Hollow  as  shown 
by  section  CD.  They  are,  however,  ores  once  carried  by  the  same  lime- 
stone strata,  and  ought  therefore  to  be  of  the  same  general  character.  It 
is  therefore  remarkable  tliat  so  little  pipe  ore  has  been  found  in  Dtj 
Hollow,  while  an  abundance  of  pipe  ore  chamoterifles  the  Gale  HoUow 
Banks « 

No.  27.  Kerr  &  Bradin  Bank,  (see  loc^al  map,  %.  24,  and  jvood 
cut«  tSd,  34,  a5,)  is  ft  small  excavation  of  about  fjO^K)  cubic  yards,  show- 
ing in  Its  walls  lump  and  wash  ore,  li5  feet  deep  Much  of  the  wash  ore 
seems  leaner  than  in  other  Banks.  A  shaft  has  been  sunk  for  explora- 
tion iu  the  bottom  of  the  old  cnt|  and  the  report  of  it  is  favorable  to  future 
mining  on  a  systematic  scale.     (See  wood  cut,  lig.  :i3< ) 

The  ore  from  this  bank  won  for  itself  a  high  reputation  at  the  fnmi*ce. 
Il  was  called  *'  gun  melal  ore,'*  and  was  said  to  bear  a  striking  resem- 
blftnoe  to  the  Bloom  Held  ore  of  Morriaon^e  Cove,  south  of  Holidaysburg  in 
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Kerr  U  Br«dLn.  Bloom Aeld, 

Ferric  Oxide .70,67  Fcrox-  Iron        78*68 

Mangatiese  Oxide. 0.36  Manganeae  0.29 

Cobaltlc  Ojcido. , ,  * , , tmce  

Alumina.. ...,..,„. 3.91  2.50 

Magueaia. ............. .  0.2fl  0,38 

Lime. . ,  trace  0.84 

Phosphoric  Acid 0,l»  0.134 

SilioioAcid 6,48  7.02 

Quartz .,,,,...... 6.80  

Water ' ,,VZM  10,71 

The  extra  quartz  determiDed  by  Br.  Oentbf  diminiBhCB  the  peroentafce 
of  Iron  03Ctde  in  hj»  apeeimeiif^  and  reduces  the  percentage  of  iron  from 
55.04  (Wuth)  to  49,47  (Genth).    Otberwise  the  ores  are  strikingly  alike. 

The  Kerr  &;  Bredin  Bank  lies  at  the  foot  of  the  Bouth  alope  of  Hick- 
ory Ridge,  one  mile  W.  N,  W,,  of  the  Hostler  Bank.  In  a  dry  autumn 
Mr.  Boekiug  was  directed  to  sink  south  of  the  old  cut,  and  to  mount 
a  pump.  He  reported  a  12  inch  ** vein  of  ore"  at  40  feet,  and  water 
at  44  feet.  A  tunnel -way  waa  commenced  in  the  direction  of  the  old 
out,  which  caved  in,  and  the  works  were  stopped. 

The  continuation  of  these  ores  along  the  foot  of  Hickory  Hldge,  on  the 
north  side  of  Cale  Hollow,  ia  prnven  by  a  range  of  **  lively  outcroppings.** 
In  some  places  the  surf  ace  m  sufficiently  rich  wash^ore.  One  or  two  pita 
(BronstetterV)  wore  worked,  for  Huntingdon  Furnace,  I ^  miles  west  of 
the  Kerr  &  Bredin  Bank,  in  "  an  Irregular  vein." 

Northeastward  the  ores  continue  to  show  themselves  to  Half- moon 
Run,  where  **  pipe-ore**  is  marked  upon  the  large  map.  See  Little  Bank, 
below. 

From  a  Bmall  cut  »t  Eyer*s^  on  the  east  side  of  Half-Moon  Run, 
pipe-ore  was  raised  many  years  ago.  The  Limestone  rocks  at  Eyer's 
house,  lUO  yards  south  of  the  spot,  dip  to  the  S.  80^',  E,  >  21^. 

Atiotlier  old  pipe- ore  locality  shows  now  fair  ore  on  the  surface,  near 
two  amsU  trial  pits. 

ITo,  28.  Ho»tler  Bank  (see  local  map,  %.  20,  and  wood  cut  fig.  36). 

Thii  excavation  occupies  the  northern  slope  of  the  8pmcc  Creek  anti- 
clinal ridge,  as  a  large  open  cut,  from  which  tbe  ore  was  in  old  times 
hauled  to  Pennsylvania  Furnace,  two  miles  due  east  of  it. 

The  recorded  history  of  this  important  mine  reveals  the  following  fea- 
tures. Wherever  the  diggings  were  made  they  went  down  thi-ough 
*'  pipe  ^^  wash-ore  which  was  occaaioaally  mixed  with  lump-ore^  to  depths 
of  BO  and  fi.l  feet,  in  all  the  shaft«. 

One  of  these  sharts  passed  through  this  wash-ore  S6  feet,  and  then 
passed  through  a  ijtratum  of  solid  Umcrock^  varying  in  thiokness  from  10 
inches  to  2  feet,     Below  this  Uaiestone  lay  lump  **  pipe  "  arc*  into  which 
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in  the  Banks  opened  along  th«  more  northerly  and  geologioally  lower 
oulerops  of  the  *VBari*ens  ''  in  this  valley*  It  has  been  the  uniform  eat* 
pe Hence  at  the  Pennsjlrania,  Hostler,  and  other  Pii>e  ore  banks  that 
»hafl^  and  boringa  have  always  passed  through  lum|>-ore,  after  having 
been  atink  or  drilled  below  water  level.  But  as  pumping  apparatus  on  a 
suflScient  scale  has  never  been  applied  to  such  deep  shafts  and  borings,  they 
have  iti  no  case  passed  through  the  deposit  of  lamp  ore,  the  thickness  of 
which  i«  therefore  still  a  matter  of  conjecture. 

I  give  the  his^tory  of  these  operations  as  an  evidence  of  the  insuffleleut 
extent  to  which  the  development  of  lhi§  iron-ore  district  has  been  car- 
ried ;  to  shtjw  that  only  its  surface  has  been  scratched,  bwt  its  deposits 
not  mined*  llegtilar,  systematic,  efficient  operations  are  yet  to  be  begun. 
The  J  await  the  completion  of  the  railroad  and  that  demand  for  large 
quiwititie&  of  ore  from  distani  furnaces  which  is  already  become  so  urgent. 
The  underground  drainage  all  through  the  Valley  is  immensci  and  the 
largest  bodies  of  ore,  and  especially  of  pipe*oro,  can  only  he  woa  witli 
dieavy  pumping  and  systematic  sloping* 

The  ITostler  opeo-cut  Bank  must  he  sunk  in  air  to  the  lower  orea^  and 
*  through  them  to  the  bottom  floor  of  all ;  then  with  pdwerful  piuiips  to 
keep  ttie  water  down,  the  clay  stripplog  above  can  be  washed,  and  the 
heavy  f^oe  of  ort;  below  can  l>e  stoped  and  the  t«>p  stufT  thrown  back  into 
-  the  abaitdrined  ground  as  the  oie-fa^tj  advances.  As  3Ir,  Boeking  justly 
remarks,  *'%~i  feet  of  ore  will  well  pay  for  stripping  iTi  to  7?J  feet"  of 
clay»  above  it.  He  adds,  and  I  agree  with  him  heartily  ;  **  The  time  for 
shallow  digging  and  ground-hogging  is  pretty  well  past  in  these  barrens, 
and  the  exploration  of  the  ri<?her  banks  may  require  in  future  prepara- 
tion m  that  will  take  some  capita^  and  may  need  in  some  cases  two  or 
more  years  before  yielding  a  return." 

The  Hostler  Bank  excavations  measure  about  120  >  50  X  10  =  00,000 
cubic  yards.  The  ore  lies  like  that  to  b©  described  in  Pennsylvania  Fur- 
nace Banks,  as  a  mass  of  clay  and  wat^h-ore  sepanited  by  ribs  of  un* 
deoom posed  limestone*  The  walla  are  about  80  feet  high,  but  the  high 
northwest  dip  of  the  measures  prevents  this  figure  from  being  used  as  a 
datum  of  calcutatiOD,  It  only  show^s  in  a  general  way  the  depth  IhUow 
the  sod  to  which  the  weathering  action  had  gone,  an  tjtpostd  b^  the  miner a^ 
The  late  sunk  shafts  passed  alternate  soft  l>edi  of  ore  and  hard  rll>s  of 
dimepstone;  all  on  a  steep  dip  ;  38'^'  to  the  N.  35°  W.  In  a  shaft  at  the 
•northwest  end  of  the  open  cut  one  shaft  went  down  through  75  feet  of 
'WiiAh-^rto  ground  before  striking  the  solid  limestone  rooks  and  water* 

It  is  impossible  from  such  data  to  estimate  the  future  yield  at  this 
locality,  but  the  amouiit  oi"  ore  to  be  won  mnst  be  very  grtsat.  Nor  is  it 
eonflncd  to  the  neighborhood  of  the  old  works.  The  ore-lmlt  runs  on 
south  westward  for  at  least  0ve  miles. 
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At  the  dht&nee  of  !,90D  fi^et  there  are  somewhat  less  than  ivrentj  old 
ahafu  in  one  g^roup,  quity  forgotl^n  until  recently  discovered  by  Mi'. 
George  Lyon.  Tbey  were  mostly  sb allow  pit»  in  the  surface  of  the  plpe- 
OTO  be:iriD^  clays ;  but  aoine  of  them  look  aa  If  tUey  had  beou  stink  Iq 
a  cymsiderable  depth  ;  and  their  uumbef  profos  that  the  search  for  ore 
was  remunerative  even  at  that  dny. 

Tbia  part  of  Caie  IIolluw  is  a  wide,  llat,  slightly  undulating,  dry  vale, 
every  part  of  whicli  abows  a  top-dressing  of  fine  oi-e.  It  i&  a  virgiu 
district,     Mr,    Lyon  sunk    one    trial-shaft  in  it,  and  struck  an   **ore- 

Fig.  35. 
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vein***  There  wan  a  fibuilar  accidental  discovery  of  another  group  of 
live  or  sut  pits  from  whicb  some  top- ore  bad  been  scraped.  I  have  no 
doubt  that  a  contiououfl  belt  of  mining  ground  runs  the  entire  longtb  of 
Oale  Hollow. 

The  Bed  Bank,  If  miles  from  the  Hostler,  on  the  name  slope  of  the 
Spruce  Creek  Ridge,  is  old  and  disuacd,  the  ore  in  the  top  clays  was 
stripped^  but  no  attempt  at  deep  mining  was  made.  Another  old  bank 
in  Isne  with  it^  but  across  a  little  ravine  issuing  from  the  rtdge,  furnished 
some  pipe-ore  to  Huntingdon  Fnrnace*  Still  further  west,*  in  a  similarly 
•  43^  mUe«  rroiit  Hoitbr  B^ak 
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situated  bank,  near  Huntingdon  Furnnce,  a  vein  of  gDod>  red-Bhort  ore 
WHS  struck,  and  abandoned  on  account  of  water.  On  working  one  part 
of  tbiB  pit  the  oi-e  bi^came  too  sulpHnreouB  to  use*  It  will  be  again  re- 
forred  to  after  describing  Bank  No,  3fl* 

Thii  belt  of  Ca!e  IIoUow  Ores  may  bo  traced  northeaetwaiii  with  tbe 
aanie  general  cbaracler* 

III  tile  Bank,  for  inBtanot?,  lies  twotbirds  of  a  mile  norttieaet  (ne&r 
the  Wftrrior  Miirk  Peunaylvauia  Fninaee  Koad),  1|  miles  west  of  Penn- 
BjlTania  Fumaee,  Here  very  rich  top-waaliiugs  cover  a  high  flat 
ftrea  connected  with  Hickory  Ridge.  Beams  of  the  ore  penetrated  the 
lioidstODe  rocks  all  the  way  down  a  40  feet  shaft,  under  whieh  the  main 
body  of  ore  dips  northward. 

The  Eyer  Bank  (abeady  mentioned)  i»  an  <dd  excaTation  one  mile 
still  further  east,  on  the  east  side  of  Half-Moon  Run. 

Going  on  northeastward  across  a  dividing  ridge,  the  ore  appears  again 
along  Tadpole  Hun,  in  Bleepy  Hollow,  and  at  the  head  of  tbe  Beaver- 
damSf  for  a  distance  of  more  tban  a  mile.  Years  ago,  some  pipe-ore  was 
raised,  for  Centre  Furnace,  east  of  B,  Crane's,  but  tbe  surface  was  merely 
sioratched.  At  the  Pennsylvania  Furnaoe  old  aur face-pits,  sunk  at  the 
beaver-dams,  the  body  of  ore  probably  lies  under  the  bed  of  the  run  and 
would  require  heavy  pumping. 

The  **dry  hollow  "  which  carries  the  Valley  of  Tadpole  Run  on  in  a 
straiifht  line  northeastward,  and  is  a  geological  prolongation  of  Cale 
Hollow  shows  plenty  of  ou<^cmppings  of  ore>  just  as  L'aie  Hollow 
does,  and  the  ore  is  of  the  ^amo  kind — pipe-ore.  In  fact  the  ore 
belt  continues  to  Meilt lister's  and  the  :!kbool  House  cross-roads,  eight 
miles  northeast  of  the  Hostler  Bank,  uid  far  beyond  the  Limits  of  my 
hu-ge  map. 

Between  McAllister's  and  Pinegrove  Mills,  the  country  spreads  out  Into 
a  plateau  two  or  three  miles  wide,  tbrough  which  runs  the  Brush  Valley 
AnticlinaL     Here,  far  beyond  the  tni^t  limit  of  my  map,  are  the 

Old  Weaver  Banka;  two  open-cuts  and  several  shafts  near 
them,  abandoned  years  ago.  No  systematic  mining  was  attempted  Ln 
that  early  day»  tbe  work  btjing  done  by  tbe  fanners.  Tradition  spe^is 
of  **  ore  veins "  being  reached,  but  probably  too  well  watered  for  the 
natives  to  cope  with  them.  **Thc  ore  lying  around  tbe  boles  is  not  a 
regular  pipe-ore,  but  is  mixed  with  liver-colored  ore,  and  reported  red- 
short.*'  We  have  here,  then,  ores  not  belonging  to  the  Hostler  and  Penn- 
syLvania  Pipe-Ore  Batik  system  connected  wiib  the  sandstones  of  tbe 
anticlinal,  that  is,  orai  belonging  to  the  underlying  limestone. 

6pRtTGfl  Orbbk  Rakok. 

No.  29,  Pennaylvania  Furnace  Ore  Bank.  For  about  fifty-eight 
(59)  yeua  Penojiylrania  Furnace  has  been  supplied  with  its  stock  from 
the  txtaniiTe  ezoavattaiis  ou  tbe  genUy-sloping  south  side  of  tbe  antl^ 
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clitiftl  ridge  facing  Tu«Fey  Moutitam  ;  Spnic©  Creek,  al»ova  the  Fumacc. 
Sowing  between  the  ridge  mid  the  mountam. 

See  loc&i  map^  fig.  37,  Iq  tieu  of  Turtber  descriptton  ;  and  the  landscape 
ikatehes  of  the  oceavatiotm,  to  iUuHtrate  their  eictent  and  cliamcter  i  fig- 
uiee  m,  40,  41,  42,  43, 

The  geologiit  can  here  study  the  theory  of  tht*  formation  of  the  Lower 
SOurian  Brown- Hematite  (ires  of  Pennsylvania  to  gnaat  advantage.  I 
know  no  better  plaee^  imd  ftjw  so  gOiKh 

The  orei  are  evidently  not  wjishings  from  a  distance  ;  neither  fiomTuiK- 
aey  Monnta.in,  nor  from  the  present  surface  of  the  anticHnal  ridge  ;  nor 
from  any  formerly  existing  surface  in  past  geological  ages,  when  the  sur- 
face stood  at  a  lunoh  higher  elevation  above  sea  level*  Tl>ey  are  evj* 
dently  and  viaihly  interstraiifled  with  the  soft  elaj  and  solid  limestone 
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layers,  and  obey  the  strike  and  dip  ♦  if  the  country  ;  the  strike  being  al ung 
the  valley,  and  the  dip  about  4')-  towards  the  southeast. 

Thoitsands  of  minor  irre^^ularitics  prevail  \  the  streaks  of  ore  and 
ma^es  of  clay^  are  wrinkled  and  bunehed,  and  thin  out  and  thicken 
again  in  various  direotioua.  But  all  this  irregularity  is  o  win  if  to  the 
chemical  changes  of  the  gtnita,  and  to  tlie  changes  iti  bulk  of  the  dilftii- 
ent  layers  during  the  protracted  process  of  solution  and  disfsolutiauf  duriMg 
which  the  looser  calciferous  and  ferriferous  nandstone  layers  have  loit  tlieir 
lime  constituent,  packed  their  sand  and  clay  more  solidly,  and  perliydratt'cl 
their  iron.  In  this  long  process  cleavage-pJanes  have  been  widened  into 
crevices  ;  caverns  have  been  excavated  ;  poiils  or  ^ats  have  been  created  ; 
precipitates  of  maaBive  (rock  and  pipe)  ore  have  been  thrown  down  ;  and 
»  general  creeping  and  wrinkling  of  the  conntry  been  effected.  But  the 
original  general  arrangement  or  strati H cation  has  been  preserved  \  'au\X 
thoee  portioni  of  the  whole  formation,  whieh  bad  but  little  lime,  have 
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been  left  atanding  as  aaudstone  fitmta ;  while  others  having  but  Httle 
■and  rema-in  as  solid  and  TOUflBiv©  limestone  strata  ;  those  which  had  an 
excess  of  alumina  are  now  in  the  coudition  of  streaks*  masses,  or  layers 
of  white  or  mottled  clay  a  ;  and  only  such  as  were  properly  constituted 
clay-^aQd-time-iron  depoe^its  originally  have  so  completely  dti^suVved  as  to 
pormtt  the  lime  to  flow  off,  and  tho  iron  to  consolidate  into  ore. 

Every  stage  of  this  intereeting  operation,  and  every  phase  which  it 
presents  in  other  parts  of  the  Appalachian  belt  of  the  United  States,  from 
Canada  to  Alabama,  may  be  ^een  and  studied  in  these  old  and  extensive 
ore  bank»  of  Pennsylvania  Furnai^^. 

At  (irst  sight  of  the  bank  the  ore  deposit  looks  as  if  it  were  a  grand  wash 
or  swash  of  mingled  clay  and  fine  and  coarse  ore  grains  and  ballsj  occupying 
boUiiws,  caverns  and  crevioes  in  the  surface  of  the  earth  and  between  the 
sulkl  limestone  rock  ;  and  some  of  it  undoubtedly  has  been  thus  oarried 
down  into  the  enlarged  cbavage  partings  of  the  limestones ;  and  into  sink 
bolea  and  caverns  formed  by  water  eourses ;  where  it  now  lies,  or  lay  when 
emeavated,  banked  up  against  walls  or  faces  of  the  undecomposed  lime 
rocks.  But  as  a  whole  the  ore  streaks  and  '*main  vein  *'  of  ore  must  oc* 
cupy  nearly  the  same  position  originally  occupied  by  the  more  I'ermgin- 
oua  strata  after  they  had  got  their  dip  and  airike.     See  fig,  40, 

The  ore  is  taken  out  witb  the  elay,  and  hauled  up  an  inclinet  by  means 
of  a  stationary  steam  engine  at  it«  bead,  and  dumped  into  a  large  wash- 
ing macliinet  with  revolving  screens ;  whence  after  the  Hints  and  sand 
etoneei  have  been  picked  out,  it  is  carried  on  an  ironed  tramway,  to  the 
bridge  bouse  of  the  Furnace.     See  fig.  43. 

The  ore  forms  from  10  to  5D  per  cent,  of  the  masa  e:Ecayated,  and  the 
small  amount  of  handling  makes  the  ore  cheap* 

The  lloiir  of  the  excavation  is  about  aixty  (00)  feet  below  the  level  of 
the  wash  machine. 

ShiLfts  sunk  from  30  to  35  feet  deeper,  in  the  tloor,  to  a  permanent 
water  levels  have  shown  that  other  and  even  better  ore  deposits  underlie 
the  workings^  t^overed  by  the  slanting  undecomposed  lime  rocks.  Tbli 
is  an  additional  demonstration  of  the  correctness  of  the  tbeory  above 
stiited. 

The  upper  ores  will  furnish  stock  for  yet  many  years.  After  that,  or  in 
ease  more  Turn  ices  be  erected,  or  distant  markets  call  for  the  shipment 
of  ore  by  railway,  deep  shafts  or  bore  boles  must  be  simk  to  drain  th(5  un- 
derground, and  the  lower  ores  may  then  be  lifted  to  an  extent  which  can 
bardly  b«  estimated  now. 

The  prism  of  ore  in  nifjhU  technically  speaking,  if  calculated  roughly 
from  the  i\n*m,  exposed  by  the  old  and  new  open  cuts,  and  by  shafts  aunk 
at  various  limes  ajid  in  various  parts  of  the  lloon  gives  several  milliona 
of  wasb-*»re,  lump*ore  and  pipe  or  rock  ore,  Thu*  taking  the  area  exi)o*ed 
at  say  SfiO  y;  450  yards,  and  the  depth  at  only  15  yards,  we  liave  3,013.500 
guhie  yitrds,  whlob  on  washing  would  yield  0C>2,0Oa  tons  of  prepared  ore. 
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Of  tbiBf  about  10U,000  tooa  bava  been  pnesed  ttirougb  the  fiimaee,  yield- 
iug  uearly  50»(K>0  ti»tij»  of  neutral  c<j1i1  blast  charcoal  iron  of  the  hm% 
quality,  leaving  5(X)JKJ0  tons  of  oi-e  to  be  exeavated. 

But  this  is  only  a  portirnj  of  the  deposit ;  for  the  ore  ranges  awaj 
beyond  the  high  walls  of  the  open  cuts  into  the  surrounding  laud  an  un- 
known distance*  Tl?e  large  area  stripped  last  year  towards  the  noitb* 
east  shows  how  exti^nsiv^  tlie  deposit  is  in  that  direction. 

Add  to  this  the  great  depths  to  which  the  ore  b  known  to  descend^  and 
it  seems  to  me  certain  that  a  million  i>f  tons  is  as  probable  an  estimate  as 
a  half  a  million.  Large  quantities  of  ore  are  )efl  sl^andin^  between 
the  hard  limestone  ledges  exhibited  in  dgnre  4^)  (taken  fcom  a  in  local  map 
fijj.  38),  and  in  Agure  M,  which  is  an  enlarged  view  of  the  Bharp  promontory 
seen  in  fig.  33,  sketched  to  show  its  geological  k  true  tore.  The  dip  of 
these  limestones  is  to  the  S.  35^,  E.  >  35^  to  4CP;  and  they  are  exaetly 
on  range  with  the  limestone  outcrop  along  the  road,  at  the  quarry,  and 
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past  the  Fumiice,  a^f  shown  in  tig.  '61.  Slight  crumplings  of  the  limestone 
vary  the  dip  from  IS'^  to  65*^;  but  these  are  due  either  to  movements  in 
the  yielding  ore  mass  or  lo  a  deception  caused  hj  mistaking  cleavage 
planes  for  tted  plates.  No  tucb  vanations  are  apparent  at  a  dislancse 
iVora  the  bauka,  the  whole  Umesfcone  formation  deHoetiding  uniformly 
beneath  the  foot  of  Tus«ey  Mountain  with  a  dip  of  something  under  40^, 
The  pictures  flgs<  41  and  43  are  views  of  the  deop  cut  lf>oking  cast  from 
a  in  It^cal  map  %,  37.  The  view  in  fig,  43  ii»  taken  looking  northward 
into  the  main  ore  bank,  from  near  a  ;  and  it  shows  the  new  incline,  tbfi 
washing  house^  and  the  ridge  above  it»  along  the  crest  of  which  the 
aqueduct  is  carried  on  tretwU,  for  SOOO  feet*  Fig,  SB  showj*  tlie  end  of 
the  aqueduct  where  it  is  mounted  by  the  pipe  leading  up  the  hill  side 
from  the  double  Worthiugton  pump  in  the  eugJne*house,  fed  by  another 
pipe  from  the  dam.  Behind  the  hill  »eeu  in  Ag«  43,  in  a  hollow  on  a  level 
with  the  uorthea£t  end  of  the  banks,  is  the  settling -dam. 
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The  height  of  the  walls  of  tb©  various  e^tosivationB  ttiay  b«t  seen  by 
reference  to  tbe  ten  foot  eontoiir  lines  in  fig*  37,  Tliese  also  show  that 
the  ground  now  bo  deeply  oxcat^ated  onee  formed  a  high  divide  between 
a  vale  deseending  southwest  to  Spruce  Creekj  and  a  correi*|K>nding  but 
shallower  vale  desoending  northeast  to  the  settling-diim  hollow «  It  looks 
as  if  the  oi'e  once  hlied  both  these  vales,  hut  has  been  excavated  by  the 
natural  drainage  into  t^pruce  Creek,  from  the  one  which  descends 
in  that  direction^  and,  perhaps  from  the  yallej  of  ^piiioe  Ct^ek  itself, 
down  to  ajtd  beyond  the  Furnace, 

The  entire  walls  of  the  cuts  ai'e  of  wash  ore,  and  it  Is  all  torn  down 
and  taken  to  the  washing  machine.  But  the  tt>i>s  of  pi^ramids  of  solid 
pipe  or©  are  exposed  in  the  door,  and  some  reached  to,  or  nearly  to  the 
aod  above.  At  one  of  the  deepest  places  in  the  floors  (U)  feet  below  the 
sod  a  shaft  was  sunk  4Q  feet  further  through  solid  pqje  ore^  and  then 
limeatone,  and  was  stopped  hj  water.  Water  does  not  btand  In  the 
praaent  floors  on  account  of  the  free  circulation,  at  a  HtiU  lower  depth, 
through  crevices  and  caverns  communicating  with  Spruce  Creek,  which 
itself  issues  from  a  eave. 

The  books  at  the  Furnace  show  as  an  aTorage  for  some  years,  G  tona 
of  wash  ore  to  1  ton  of  ore  j  2  ton«  1  cwt.  of  ore  to  1  ton  of  iron  ;  and 
|2.25  per  ton  of  ore  delivered  at  the  Furtinee,  represents  the  c«st  of  min* 
iug,  incluBive  of  all  expenses* 

I  shall  give  in  an  appendix,  the  opinion  of  Mr.  Harden  on  some  prae* 
tical  points  whleb  I  requested  liim  to  study,  for  which  purpose  he  visited 
some  of  the  Banks  described  above. 


Ontcroppinga  of  ore  occur  east  and  west  of  the  Pennsylvania  Furnace 
Banks  on  the  southern  slope  of  the  anticlinal  ridge  facing  Bpruce  Creek 
and  the  Tussey  Mottntain  ;  but  no  excavations  have  been  raadej  because 
sufficient  stock  was  always  procurable  at  the  Banks  near  the  Fwmace*  It 
is  not  to  be  supposed,  therefore,  that  equally  large  and  imiicrtant  de- 
posits may  not  be  ex  posted  by  future  systematic  mining  operations^  when 
the  completed  railway  shall  make  demands  on  this  oi^  belt  for  supplying 
the  furnaces  of  Eastern  and  Western  Pennsylvania. 

Some  of  these  surface- shows  of  ore  are  near  the  top,  others  near  the 
bottom  of  the  hill  slope.  The  or©  surface  is  commonly  high  np  on  the 
slope,  or  on  the  Hat  rolling  back  of  the  anticlinal  ridge. 

,Tohn  Ross  has  in  his  lields,  north  of  Pioegrove  Mills,  (  miles  east 
of  Peousylvania  Furnace^)  an  old  funnel  shaped  hole,  from  which  very 
rich  pifie  oi-e  wa»  taken,  and  more  can  be  seen  in  its  sides,  but  no  surtkce- 
show  \  and  I  liave  no  data  on  which  to  base  an  estimate  of  quantity.  The 
ore  was  scut  to  Monrcje  Furnace  ;  was  rich  ;  but  very  red  sliort :  lump** 
of  pyrites  being  visible  in  the  bombshell  ore  lying  about  the  hole  ;  which 
is  also  ci>ated  with  white  aulphatcs. 

Surface  ore  can  be  traced  all  the  way  from  Ross*  to  Pennsylvania  Fur- 
naoe^  but  do  search  nnderground  aeems  ever  to  have  been  made  or  called 
for. 


ta  the  other  direction,  down  Spniiae  Cr^k,  sonth-weet  of  the  Fomaoe, 
i  &w  outCToppingB  OD  the  Burface  appear,  but  lie  neglected  for  the  iame 
t«iAOD.     A  few  trial- pit«  seem  to  hav^  been  sunk  near  the  school  hoiiBe, 

Fig.  40, 


i&tici  ni'^r  Mr.  Geo.  Lyou's  mansion^  south  of  the  turnpike.  Large  pieces 
of  pli>4!  om  lie  m  the  east  oomer  of  Mr.  Thos.  Ljon^a  lie  Ids,  at  the  foot 
of  Tum»ej  Motinlain.     Ore  has  siiao  been  noticed  in  Hr.  Stuwart  Lyon* a 
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AU  tlie  aboT«  are  on  the  eoiitb  elope  or  lh«  antiQlitial  of  Bru^h  Valley, 
faeiDg  Tusaey  Mountam.  The  anticlinal  may  be  atudied  where  the  Umo- 
stone  roek)B  are  aeeti  dippini^  bolh  ways  (K.  W.  and  S.  E.)  in  the  end  of 
the  bill  at  the  Furnace,  and  in  the  niilway  rock* cuts  as  the  line  makes  its 
seinicirole  down  Half  Moon  Run  and  up  Spruce  Creek  and  Tadpole  Kuii* 

Three  miles  farther  down  Spruce  Run  a  pipe  ore  bank  was  i^ommeuced 
on  the  south  slope  of  the  Antiolinal,  to  supply  works  erected  at  the 
month  of  Spruce  Creek,  for  a  patent  process  to  convert  the  ore  directly 
into  wrought  iron  ;  but  the  patent  process  failed  and  the  mine  was  never  J 
worked.     It  sufficed  to  nhow  that  the  ore  belt  or  outcrop  follows  tha^| 
ridge  aloni^  the  north  side  of  Spruce  Creek  towards  the  Juniata,  butT 
coalesoes  with  that  of  the  Cale  Hollow,  or  north  dip,  beyond  Hnntingdoti 
Furnace^  and  sinks  beneath  the  surface,  for  uo  trace  of  it  is  found  m  th« 
Little  Juniata  River  section,  where  the  Canoe  Valley  antic) inal  may  be 
seen  replacing  this  of  Brusb  Valley*  fl 

Returning  thus  to  Warrior**  Mark  Run,    and  the  ueigbborhocHi  of 
Huntingdon  Furaaoe,  I  have  little  to  add  to  finish  this  roport^  except 
concerning  an  ore  belt,  we»*t  of  the  Ran,  on  the  south  slope  of  the  ridge 
in  line  with  the  Dry  Hollow  Banks.     But  bt>fore  speaking  of  It,  I  shall  j 
give  the  following  section  up  Warrior's  Mark  Run  :—  H 

At  the  mouth  of  Cale  Hollow,  in  the  north  dipping  rocks  of  the  Spruee™ 
Creek  Ridge  anticlinal^  aud  150  yards  east  of  the  mill-dam,  or  a  mile 
ea«t  of  Huntingdon  Furnace,  there  is  marked  on  the  map  an  old  pipe-ore 
bank,  uow  fallen  in.  Lime  rocks  here  dip  N.  30  W.  T0-'\  but,  by  tlie 
road-side,  300  yards  to  the  west-southwest  only  38^';  and  in  the  hill-side^ 
050  yards  to  the  west-northwest,  12^  in  the  other  direction  S.  30^'  E.  The 
Old  8eat  Bankt  No.  ;}0,  is  1,  \m  yards  distant  (up  Warrior's  Run  towai^ds 
the  N.  N,  W,)  from  this  old  bank.  Tlu^  C.ale  Hollow  is  thus  ieen  to  be 
syncUnalj  and,  allowing  for  the  different  strength  of  dips  observed  there 
can  be  no  reasonable  doubt  that  the  same  ferriferous  Umerocks  out-crop* 
ping  here  outcrop  also  at  the  Old  Seat  Bank  ;  and  I  have  m>  drawn  the 
Section  A,B. 

The  ore  at  this  old  bank  is  reported  to  have  b«on  extraordinarily 
charged  with  sulphur ;  but  I  could  not  kam  exactly  io  what  form*  ^ 

No.  0O.  The  Old  Beat  Bank,  on  the  eaat  bank  of  Warn  or*  s  Run, 
2^  miles  below  where  the  railway  crosses  the  run  (at  Warrior's  Mark),  is 
an  old  open  cut  with  ore  in  its  lloor,  abandoned  many  years  ago  for  want 
of  pumping  machinery  of  adequate  power.  What  little  Uver-eolored  ore 
is  visible,  looks  lean,  and  much  dint  lies  about.  The  area  of  the  cut  may 
be  4000  square  yards.  Water  stands  iu  it  to  within  10  or  V2  feet  of  the 
top.  It  baa  been  worked  to  a  depth  of  40  feet.  About  30,000  cubic  yarda 
of  ore-ground  has  been  taken  out.  Although  mucb  liver  colon^d  ore 
8ke  Pcuulngtoii  ore  lies  aboat,  no  pieces  of  sandstone  are  visible  ;  but  a 
good  deal  of  lltnt  is  among  the  ore,  as  at  Penney  I  vania  Fumat^e  Bank. 
Kot  much  iurfboe-ore  shows  in  the  neighborhoods 
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In  the  ^p  of  the  Dry  Hollow  BIdge,  aii  hundred  yatdii  higher  up  the 
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ma,  tisierookft  qrop  outi  dipping  also  S.  8(P  E*  >  9©  j  ^ad  300  ymrda  far- 
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tlier,  sandy  limestoDes,  S.  30^  E.       10-.    5(Ml  yards  further  up  tUe  ruu, 
pipe^re  ia  reported^  ploughed  up  in  the  fields*     This  belongs  to  an  ore- 
bearing  atratu  about  TUO  feet  lower  in  the  formation  than  the  ore  Imrisou 
at  the  Old  Seat  Bank^    The  dip  ia  continuous  and  equable  )  there  can  be  i 
no  mistake.    500  hundred  yards  still  further  up  the  run,  at  the  forks  of  j 
the  roa<l,  gtiU  lower  sandy  limerocks  are  seen  dipping  the  same  way,  S* 
8IK-  E.  >  lip.     Other  exposures  occur  in  this  interval  dipping  aL^o  S,  30^  I 
E.  >  IS^,    No  dips  ure  tiotited  in  the  next  lOOO  yards,  to  the  toll-gate 
and  cross-roads  and  foi*k«  of  the  Creek  ;  but  there  is  no  reason  no  donbt 
that  a  southeast  dip  ^IH  the  interval,  becoming  ever  more  gentle^  fl 

Five  hundred  yards  southwest  from  the  toll^gatet  and  50  yards  off  th^  W 
road  (t "Awards  the  northwest)  on  land  TO  feet  above  the  water,  is  an  old 
deserted  pipe  ore  hank  50  ;-:  10  yards*     This  lies  just  1000  yards  due^ 
northwest  of  t^e  pipe  ore  last  mGutloned  as  ploughed  up  in  the  fields  y^t 
and  if  a  continuous  southeast  dip  of  10^^  be  Mtppojtedj  we  should  find  in 
it  an  evidence  ot  a  third  and  still  lower  pipe  ore  horison,  550  ft^et  l}*:low 
the  second  and  I2rj0  feet  below  the  firsts  or  Old  Seat  ore  horisoa.     But  it 
would  be  very  unsafe  to  consider  this  the  simple  state  of  the  eaw*     The 
place  where  ore  was  *'  ploughed  up  over  aipace  of  000  yards  **  is  woithy 
of  a  thorough  investigation,  but  the  surface  lehow  is  slight.     The  other  _ 
locality  where  lumps  and  pipes  of  solid  ore  were  got  25  years  ago  from  tijttfl 
open  cut  and  underground  works,  is  reported  to  be  rich  »tilU     None  ot^ 
iti  waah  ore  was  taken  away. 

rhis  place  is  very  important.  It  proves  conclusively  that  pipe  ores 
f»ccupy  a  geohffkal  range  of  at  least  12.50  feet  of  Uio  Lower  Bilurian 
Foimation.  And  these  exhibitions  on  Warrior's  Run  connect  the  rich 
Dry  Hollow  Group  of  Banks  already  described,  with  the  Huntingdon 
Furniice  and  Dorsey  Group  next  to  l>e  defcribed.  ■ 

The  toll-gate  is  only  HOO  yards  down  the  run  from  where  the  railway^ 
crosses  it.     And  the  southeast  dipping  Heck  and  Town  Bank  ores  (Nos. 
4  and  5)  are  only  400  yards  iurther  up.    The  Beck  and  Town  ore  horiscin 
therefore  underlies  the  tolUgate  ore  rocks  (nnleas  there  be  some  concealed 
disturbance  in  the  interval ).  at  a  fjiologkal  depth  of  at  least  !2fi0  feet*  and 
probably  1500  feet.     For  there  are  30    dips  (to  the  southeast)  in  the  rail- 
way  cut,  and  W^  dips  in  Warrior's  Mark  Village,     If  I  am  anywhereM 
near  the  tnith,  the  Pennington  Unngo  ore  horison  {lleckSf  Town*  &c.)™ 
underlies  the  <'alc  Hollow  Pipe  Ore  horison  at  a  geol&ff(cal  itcpth  of  2*W> 
to  aiKJO  feet ;  which  may  well  explain  their  different  qualitioft*     And  this 
remit  is  in  harmony  with  features  of  my  crofis-ioctioiiii  AB  and  (.D,* 

•  The  rerinlngton  »,w\  Ltf^vnUina  oros  btliig  uti  tin;  nikinc  jj^  M.rlwm,  Ami  flicirij 

Iwlng  II.  tirviidih  of  Itmcsutne  uutcrtip  dlpph)^  S.  ifb'^  E, 

th^'  '^  II **'  fjMilt  al  the  fuut  of  h;'  '   i  ^  '^'    ^ „.,..*  .,.. 

h  '  M)t>  ftMH  of  LrdwpT  Hihir 
H  '"nni^y'lvarila  Furnane  I 
llfii.    ^   M       -  UTf***n  PoDnaylvuiilii  Fn..- ..l, ,  ,,,r    -. 

itWt^r  S!au?)  fciuwn  lothe  j»w  uT  iha  HtiUofttTiU 
ji,.-*.  I,,. I  .,,,,1.   I,,  harmfftijr  with  nV  t^  ■  ^  >-     » 

cuf.»^^  «.— .i,vi...^iit  of  thiJie  fur  PILLS,  I  ■  I. '^  ju  u 
wblisli  are  tvtj  ihin  ia  oomftari«on  wltb  UieML 


IjTjvctown  undTl 


Siu  ill  tUir  Hw"i«(LHi 
;  &  vorv  iifunt  thJ&k- 

in,,...    cv-.    HU-*-- 


lAAay.) 
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this  circle^  but  are  exoavated  in  the  same  belt  of  outcrop.  The  outcrop 
Ib  wevy  broad  heeauae,  aa  we  have  just  seen  aloag  Warrior'a  Huiif  the 
southeast  dip  i&  very  gcDtle^  abcmt  ItP-  This  haa  allowed  a  very  large 
dissohitiou  of  the  ore-bearing  rocks» 

The  Wilson  Back  ib  two  miles  west  of  WaiTior*i  Run ;  no  ore  baa 
been  found  in  this  interval,  the  slopes  being  sandy.  Here  liineBtone  begi&a 
to  come  in,  oTerlyiBg  the  sandstone,  and  ore^bearini;^  clays  take  possea' 
sioa  of  the  »urfa*5e.  This  aanclatoue  has  been  mistakiju  for  the  Caldlerona 
Sand  rock ;  but  nnust  be  one  of  the  numerous  intercalations  of  sand  In  the 
great  Umestone  series. 

The  Keefer  Banks  folio w,  lu  the  next  half  mile,  and,  although  ex- 
hausted as  to  the  wash  ore  of  the  outcrop,  can  be  niined  to  the  d^sep  if 
proper  pumping  apparatus  be  mounted  to  keep  the  underground  water 
down. 

Fig.  44  gives  a  locaJ  map  of  these  excavations,  wbieh  severally  measure, 
&B  they  come  in  order  along  the  line  of  Mr,  Piatt's  survey  :— 


a. 

•  130  X  SOX   8 

^ 

31,200  cubic  yard*. 

L 

^   160  X  85  X    8 

= 

44,800 

6* 

t     40X^5X10 

== 

10,000 

d. 

t  120X40X    B 

:=. 

88,400           ** 

*. 

§  lOOX^ax   8 

:^ 

S2,0CK)           *' 

/. 

§   sax  SOX  5 

i^ 

4,500           •• 

Total  excavation,  aay, 


lQl,00i»  Quhic  yards 


S'o.  32,  Borsey  Banks,  see  ag.  44. 

These  works  lie  just  outside  the  two  mile  circle  around  Huntingdon 
Furnace  Stack  (see  Land- line  Mapl*  and  are  used  for  Barre  Forge,  dis- 
tant three  miles  due  west  on  the  Little  Juniata  River  ;  the  neares^l  distance 
to  the  river  by  the  Township  lino  in  a  southwest  direction  being  two 
miles. 

There  is  first  an  open  cut  on  the  south  BJde  of  the  road,  see  Ag^  44,  mea«u  r  - 
ing  65  X  25  X  6  ^  9,7ii0  cubic  yards  of  excavation^  with  wash  ore  in  Uie 
walls.  Then,  a  shallow  open  cut,  ten  or  twelve  feet  deep,  75  X  ^  X  4 
=  0,000  cubic  yardK,  the  tloor  being  everywhere  wash  ore. 

The  Main  Bank,  in  the  southwest  corner  of  tig,  44,  is  divided  by  a 
slide  of  the  southeast  wall  into  two  open  cuts,  200  -  70  >:  15  ^  210,0fKJ 
cubic  yardSf  with  wash  ore  walls  and  iloor  (now  generally  tlO  fret  deep), 
but  excavations  have  been  made  much  deeper. 

•  Th^Bc  W^  Anuth  af  tbr  ntatJ,  (>&  the  Iatjio  map.  Elgbt  ynnli  li  rnken  ««  thti  «rflfmfO 
ilfspLh  uf  iMJth,  tiitt  lliny  tony  i^tfty^c  b««»  w«)rk«d  ilawper.    WmIj  or«  Utmm  llio  irmlti. 

f  Ainn  ffutitti  r^r  rhe  n^Aii  lAXiA  b^yottj]  tli«  lltfitli  of  ftr-  M. 

X  llorth  or  lliTN  roofl,  iit  tbs  Dorcboaai  ««v]»er  of  ftg.  44.  It  luw  net  b«iu  irorli^fl  for 
ys^ra.    WA«b  uj-ti  runiiB  ihu  vrtt^Ui. 

f  North  of  tbo  rond,  ft&d  oT  th«  Doriej^  BauM,  Itg.  M*    B^tti  tuirt  fIftllMi  ihtit    WMb 
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From  the  northeaBteramost  liuntingdau  Furoiicie  Ojgi^ingfi  to  the  Ust 
Dorsey  Dlg^iug  is  a  stratch  t>f  about  2UlH)  yards,  wiUi  oro  tihawfi  filling 
up  tho  iobervals  betweea  the  bsniks.  There  is  a  nti^iximum  breailth  of 
50a  yanla.  But  if  half  that  be  adopted  for  an  estimaus  wc*  lmv«i  an  area 
of  wash  ore  here  equaJ  bo  lOfJ.OOO  aqUai^  yard&t  in  all  rcspecta  like  that 
of  the  l>ry  Hollow  Baiik  di&trict  (on  tlie  same  range]  di;.4ciibed  abovc^ 
aiid  representing,  at  least,  one  or  two  millions  of  ctthic  yattls  of  on? 
ground,  beaid«s  whatever  deeper  diipoaita  of  pipe  ore  exist. 

As  in  Dry  Hollow,  so  here  mucb  lean  ore  is  mingled  with  the  rkli,  and 
itiueh  dead  stripping  will  be  requited  in  pliMsea. 

There  is  this  dii^tination  i  the  ore  of  the  barrens,  tliat  is  the  liver- 
colored  and  more  sandy  ore  ranges  along  tb©  northwestern  side  of  the 
belt  of  outcrop,  up  the  liill-side  ;  pipe  ore  characterise;}  the  down  hiU,  or 
sou theai tern  side  of  the  outcrop.  The  maUi  bank  ti  wholly  lu  the  top  or 
wash  ore  covering,  an^l  lias  merely  revealed  the  principal  deposit  of  rich 
rock  ore  and  pipe  underlying  it.  Those  who  worked  the  pit  describe  a 
layer  of  ore  fl  to  8  feet  thick  a#  apparently  creeping  do wohUl,  ovortumed, 
and  covering  itself.  What  this  description  means  J  do  not  know*  -  he 
ore  make**  excellent  iron. 


It  is  unnecessary  for  me  to  say  that  the  ferriferous  limestones  described 
t  in  the  alwve  details,  and  ci'ossing  the  river  (S*  W, )  into  Sinking  Valley, 
*  carry  the  ore  ground  outcrops  with  them,  and  that  these  have  been  mined 
-to  some  extent  at  various  places  south  of  Barre  Forge,  yielding  botli  rich 
and  lean  waih  or%  Mid  rock  and  pipe  ore^  cif  the  same  general  cbai-acler. 
The  tame  statement  hoMe  good  as  to  Canoe  Valley,  although  itj*  nar- 
rowness does  not  permit  its  anticlinal  to  bring  the  lowest  horlaon  of  ore 
to  the  surface. 

In  Btnking  Valley  the  two  sides  of  its  dying  anticlinal  bring  the  ore- 
outcrops  together  about  three  miles  south  of  the  river.  Tlie  following 
are  some  of  the  ore  banks  ;  on  the  south  side,  Pine  llill  Bank  i^  mile 
from  the  river) ;  Moore's  Pipe  Ore  Diggtags  (1  mile)  ;  Qalbraith's  Pip© 
Ores  (1|  mile) ;  Fkibinson^s  Bank  [2^  milesj*  On  the  northwest  side  are 
(ientzhammer^s  and  other  ontcrops. 


It  is  a  serious  question  why  mines  of  Brown  Hematite  Iron  Ore  have 

k  not  been  opened  on  the  Juniata  River  above  the  mou^h  of  Spruce  Creek. 

This  question  seems  to  be  answered  by  my  section  along  the  river,  fig.  1. 

It  U  evident  tliat  the  horisou  of  the  Pennsylvania  Furnace  or  Cale  HoU 

low  ores  scarcely  rises  on  the  back  on  the  Canoe  Valley  axis  to  the  level 

'  of  the  valley  hed,  and  is  immediately  carried  down  again  by  the  syncli- 
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INVESTIGATION  OF  IRON  ORES  AND  LIMESTONES  FROM 
MESSRS.  LYON,  SHORB  &  GO'S  IRON  ORE  BANKS  ON  SPRUCE 
CREEK,  HALF  MOON  RUN  AND  WARRIOR'S  MARK  RUN,  IN 
CENTRE,  BLAIR  AND  HUNTINGDON  COUNTIES,  PA. 

By  F.  A.  Gbnth. 

(/Ztfod  before  the  American  Philoiophical  Society ^  February  Qth,  1874.) 

NO.  1.      EAST  PENKINOTON  BANK. 

The  greater  portion  of  thirteen  specimens,  received  for  examination, 
was  compact,  dull,  of  various  shades  of  brown  and  had  like  No.  1  an  ad- 
mixture of  dark  brown  pitchy  ore  ;  other  portions  were  porous  and  had 
the  cavities  lined  with  botryoidal  fibrous  brown  limonite,  others  were 
stalactitic.  Some  of  the  ore  had  lost  a  part  of  its  water  of  hydration 
and  had  changed  into  turgite  and  even  into  hematite.  Many  of  the 
pieces  showed  a  considerable  admixture  of  manganese  minerals,  such  as 
wad,  minute  quantities  of  pyrolusite  and  perhaps  psilomelane,some  con- 
tained a  large  quantity  of  rounded  grains  of  quartz. 

An  average  of  the  whole  showed  the  following  composition  : 


Ferric  oxide          = 

=    65.88 

=    44.77  Metallic  Iron. 

Manganic  oxide     = 

=      6.00 

=      4.18  Metallic  Manganese. 

Cobaltic       " 

0.34 

Alumina 

trace 

Magnesia 

0.26 

Lime 

trace 

Phosphoric  acid 

0.22 

==      0.097  Phosphorus. 

Silicic  acid 

6.88 

Quartz 

7.87 

Water 

18.05 

100.00 
100  Iron  and  Manganese  contain  0.197  Phosphorus. 


NO.  2.      WEST  PENNINGTON  BANK. 

Five  specimens  were  submitted  for  examination.  The  ore  was  mostly 
of  various  shades  of  yellowish  brown  to  dark  hair-brown  and  without 
lustre ;  in  some  was  an  admixture  of  a  dark  blackish  brown  ore  with  sub- 
oonohoidal  fracture  and  a  resinous  lustre ;  some  portions  had  a  slight 
waxy  lustre,  others  were  earthy  and  dull.  It  was  amorphous,  but  in 
places  the  cavities  were  lined  with  a  coating  of  brown  fibrous  limonite. 
On  being  breathed  upon,  it  developed  a  strong  argiUaoeous  odor. 
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As  average  of  the  live  apecimena  euntain^d  : 


Ferric  oxide 

= 

70.d3 

Manganic  oxide 

— * 

ass 

Cobaltic        ** 

trace 

AJumiiia. 

2.ai 

HaeneBia 

0.14 

Lime 

ao6 

Phodphorio  aoid 

0.87 

SmdcMid 

4.88 

Quartz 

7.91 

Water 

18.00 
100.00 

100  Iron  contain  0.S2  PhoBphoma. 

^      4&JWi  MeUUic  Iron. 


=        0.16  Phoaphoma. 


^o.  6.    RuifBABeBB  Bakk. 
A  asmple  of  ore  waa  taken  from  a  pile  alongaide  of  the  Bank.    It  ia 
nioatly  amorphoua  and  oompaot,  alao  somewhat  porous,  and  has  the  cavi- 
ties lined  with  a  thin  coating  of  fibroua  limonite  ;  the  cavitiea  are  also 
coated  with  red  ochre  and  at  times  with  yellow  ochre. 
The  composition  waa  found  to  be  as  follows : 

=         61.91  MetaUic  Iron. 


0.158    Phosphorus. 


Ferric  oxide       = 

74.16        = 

Manganic  oxide 

trace 

Alumina 

8.06 

Magnesia 

0.24 

Lime 

trace 

Phosphoric  acid 

0.86        = 

SUicic  acid 

6.11 

Quartz 

3.94 

Water 

12.13 

100.00 

100  Iron  contain  0.30  Phosphorus. 

No.  11.    Lytle  Bank. 
The  sample  received  for  examination  consisted  mainly  of  amorphous 
compact  brown  ore,  intermixed  with  fine  fibrous  limonite.  The  fibres  are 
from  J  to  ^  of  an  inch  in  length  and  form  botryoidal  coatings  ;  sometimes 
divergent.    The  outside  covered  with  yellowish  ochreous  ore. 
The  analynis  gave  : 

=  57.40  Metallic  Iron. 


Ferric  oxide       = 

82.00 

Manganic  oxide  = 

trace 

Alumina            = 

1.94 

Magnesia 

0.17 

Lime 

trace 
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Phosphorio  acid 

0.87 

SUioio  acid 

2.98 

Quartz              = 

0.44 

Water                = 

12.10 

0.16  Phosphorus. 


100.00 
100  Iron  contain  0.278  Phosphorus. 

No.  14.  Bull  Bank. 

The  samples  for  investigation,  five  in  number,  were  taken  from  piles  of 
ore  taken  out  about  thirty  years  ago.  One  consisted  of  a  beautiful 
fibrous  limonite  of  a  pale  hair-brown  color  and  silky  lustre,  much  resem- 
bling that  from  the  Lytle  Bank,  but  of  fibres  two  inches  in  length.  The 
others  represented  the  amorphous  ores.  They  are  compact,  of  various 
shades  of  brown,  without  lustre  ;  they  contain  more  or  less  cavities, 
partly  filled  with  ochreous  ore  of  a  yellowish  or  reddish  color.  The 
amorphous  ores  have,  on  being  breathed  upon,  a  strong  argillaceous 
odor. 

a.  Pure  Fibrous  Limonite. 

=  •  57.04  Metallic  Iron 


Ferric  oxide 

=        81.48 

Manganic  oxide 

=          0.07 

Alumina 

=          0.49 

Magnesia 
Lime 

J  tracei 

Phosphoric  acid 

0.08 

Silicic  acid 

8.98 

Water 

18.90 

=       0.035  Phosphorus. 


100.00 
100  Lron  contained  0.061  Phosphorus. 


b.  Average  of  the  five  Samples. 


Ferric  oxide 

= 

74.85        = 

52.40  MetalUo  Iron. 

Manganic  oxide 

= 

0.29 

Coballic  oxide 

0.21 

Alumina 

2.42 

Magnesia 

0.12 

Lime 

trace. 

Phosphoric  acid 

0.24         = 

0.105  Phosphorus. 

Silicic  acid 

4.15 

Quartz 

5.92 

Water 

11.80 

100.00 

100  Iron  contained  0.20  Phosphorus. 
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No.  15.  Pond  Bakk  No.  I. 

Two  of  the  fotir  speoimeas  received  were  of  »  dark  broivn  porous  amor- 
phot]  s  ore  with  very  little  lustre,  more  or  le&a  mixed  with  yellowish  and 
reddish  ochreou8  ore  ;  tlie  third  pieee  weis  of  a  paler  brown  and  con- 
tained flmall  quantities  of  fibrous  ore^  tlio  fourth  wa*  an  oehreouii  oi'O  of 
a  pale  brown  aud  yellowish  color.  An  average  of  the  Tour  samples  con- 
t^ioed  : 

=       55.0$  Metallic  Iron, 


Ferric  oxide 

-     78.68        = 

Mangaoie  oxide 

0.43 

Cobaltic        ** 

traca. 

Alitmioa 

3.89 

Ma^Dosia 

0,20 

Lime 

tniee. 

Phosphoric  acid 

0.1<J       -. 

Silicic  acid 

3.lt 

Quartz 

LTl 

Water 

12.77 

100.00 

100  Iron  contain  0.127  FhosphoruB. 

— z^       0.07  Phosphortifl. 


No.  16.  Rbd  Bahk  No.  1. 

Five  samples  of  ore  received.  It  is  generally  an  amorphous  compact 
ore,  with  a  considerable  admixture  of  sand.  Some  is  more  porous,  and 
has  tiie  cavities  lined  with  fibrous  limonite,  and  more  or  less  filled  with 
clay.  Emits,  when  breathed  upon,  a  strong  argillaceous  odor.  Part  of 
the  specimens  had  lost  a  portion  of  their  water  of  hydration. 


The  analysis  of  an  average  sample  gave : 


Ferric  oxide 

= 

65.44 

Manganic  oxide 

= 

0.13 

Cobaltic  oxide 

trace 

Alumina 

5.31 

Magnesia 

0.16 

Lime 

trace 

Phosphoric  acid 

= 

0.21 

Silicic  acid 

6.76 

Quartz 

12.78 

Water 

9.21 
100.00 

100  Iron  contain  0.105  Phosphorus. 

==        45.81  Metallic  Iron. 


0.09  Phosphorus. 
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No.  19.    Whorbli.  Bank. 

Two  pieces  of  a  fine  brown  porous  amorpHous  ore  of  various  shades, 
between  yellowish  and  dark-brown ;  some  portions  showing  a  slight 
pitchy  lustre  ;  the  greater  pai*t  is  dull.  Has  a  strong  argillaceous  odor 
when  breatlied  upon. 

The  analysis  of  an  average  sample  gave  : 


Ferric  oxide 

=              69.71              ::= 

48.80  Metallic  Ire 

Manganic  oxide 

0.46 

Cobaltic  oxide 

trace 

Alumina 

8.87 

Magnesia 

0.08 

Lime 

trace 

Phosphoric  acid 

=          0.97 

0.48  Phosphorus, 

Silicic  acid 

8.51 

Quartz 

9.60 

Water 

12.80 
100.00 

100  Iron  contain  0.87  Phasphorus. 

No.  21.  Wrye  Bank. 

Five  specimens  received.  The  ore  is  amorphous,  porous,  and  scori- 
aceouf>.  Some  of  the  cavities  are  lined  with  a  thin  coating  of  fibrous 
ore.  The  more  compact  pieces  contain  a  large  admixture  of  rounded 
quartz  grains. 

An  analysis  of  an.  average  sample  gave  : 


Ferric  oxide 

=        77.00        = 

58.90  Metallic  Iroi 

llanjiranic  oxide 

0.86 

Cobaltic  oxide 

trace 

Alumina 

2.15 

Magnesia 

.  0.14 

Lime 

0.15 

Phosphoric  acid 

0.19            =r 

0.08  Phosphorus, 

Silicic  acid 

2.60 

Quartz 

5.58 

Water 

11.88 
100.00 

100  Iron  contain  0.15 

Phosphorus. 

No.  24.  Dry  Hollow  Bank. 

Amongst  the  eight  specimens  received  for  examination  was  one  of  a 
beautiful  variety  of  fibrous  limonite  ;  the  fibres  are  of  about  one  inch  in 
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length,  also  divergent  and  radiating? ;  color  dark  brown,  lufltre  mlky  ;  the 
other  ores  were  both  compact  and  porous  amorphoas  brown  limoniteeT 
■ome  with  tU©  cavities  lioed  with  fibrous  ore,  others  havhig  thi^m  lilled 
with  ochroous  clayifsU  ores*  Some  of  the  pieces  gire  a  stroDg  arijillace- 
ouA  odor,  when  breathed  upon. 


Ferric  oxide 

Ow  Pure  FlbrottS  Umotiiu. 
-     88.18         -        58.19  Metallic  Iron. 

Manganic  oxide 

= 

0.15 

Alumina 

= 

0.74 

HagnesU 

0.09 

lime 

trace. 

Phosphoric  add 

0.50 

= 

0.22  Phosphonu 

Silicic  add 

2.47 

Water 

12.92 

100.00 
100  Iron  contain  0.87  Phosphom^. 


b.  Average  of  the  eight  Specimens. 


Ferric  oxide 

=: 

75.90 

Manganic  oxide 

= 

.     0.16 

Ck>haltic  oxide 

= 

trace 

= 

2.44 

Magnesia 

0.20 

Lime 

trace. 

Phosphoric  acid 

0.54 

Silicic  acid 

2.74 

Quartz 

= 

7.84 

Water 

10.18 

100.00 

100  Iron  contain  0.45  Phosphorus. 

—        58.13  MetaUic  Iron. 


-=         0.24  Phosphorus. 


No.  24.  b.  Red  Bank  of  Dry  Hollow. 

An  examination  of  six  specimens,  showed  the  general  character  of  the 
ore  to  be  amorphous,  of  a  dark  brown  color,  and  compact ;  some  pieces 
have  cavities  lined  with  yellovdsh  brown  and  dark  brown  fibrous 
limonite ;  others  liave  rounded  quartz  grains  disseminated  through  the 
mass.  A  portion  of  the  ores  has  lost  part  of  the  water  of  hydration. 
The  cavities  and  fractures  are  frequently  coated  or  filled  with  a  brownish 
red  ochreous  ore. 

An  average  sample  of  the  whole  contained  : 

=       56.24  Metallic  Iron. 


Ferric  oxide           = 

80.34 

Manganic  oxide 

0.52 

A.  p.  8. — ^VOL.  XI v.  L 
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Cobaltio  oxide 

trace 

Alnminn. 

1.6« 

Magnesia 

0.18 

Lime 

trace 

Phosphoric  acid 

0.49        = 

0.215  Phosphorus, 

Silicic  acid 

3.18 

Quartz 

2.63 

Water 

11.05 
100.00 

100  Iron  contain  0.88  Phosphorus. 

No.  27.  Kerb  and  Brbdin  Bank. 

The  three  specimens  received  show  the  ore  to  be  mostly  amorphous 
and  compact,  and  of  various  shades  of  brown,  also  earthy ;  some  pai-ts 
are  porous  and  the  cavities  lined  with  fibrous  limonite,  sometimes  in 
botryoidal  forms.  On  being  breathed  upon,  developes  a  strong  argilla- 
ceous odor. 


The  average  of  the  samples  contained  : 


Ferric  oxide 

= 

70.67 

Manganic  oxide 

0.36 

Cobaltic  oxide 

trace 

Alumina 

3.91 

Magnesia 

0.26 

Lime 

trace 

Phosphoric  acid 

r= 

0.19 

Silicic  acid 

5.48 

Quartz 

6.80 

Water 

12.83 

100.00 

100  Iron  contain  0.16  Phosphorus. 

==      49.47  Metallic  Iron. 


0.08  Phosphorus. 


No.  28.    HosTLBB  Bank. 


One  specimen  of  so-called  "  Pipe  Ore." 
earthy,  brown  to  yellowish  brown.  Porous, 
yellowish  and  reddish  oohreous  ore. 


Amorphous,  compact  and 
Stalactitio.    Coated  with 


The  analysis  gave  : 

Ferric  oxide            = 

78.58 

Manganic  oxide 

0.08 

Alumina 

0.88 

Magnesia 

0.54 

Ume 

0.30 

Phosphoric  acid 

0.36 

=       55.01  Metallic  Iron. 


=        0.158  Phosphorus. 
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SUicio  aeid 

QnartB 

Water 


4.25 

3.i0 

12.41 


100.00 
100  Iron  oontaiii  0.28  PhosphoroB. 

No.  29.    Pbhhstlyahia  Bahx. 

a.    Two  samples  leoeived  for  examination. 

Amorphous  brown  compact  ore  mixed  with  ochreoos  yellowish  or  red- 
dish ore ;  Porous,  some  of  the  cavities  lined  with  a  very  fine  coating  of 
fibrous  ore. 

h.    So-called  Pipe  ore. 

Amcnrphons  porous  ore,  in  columnar  masses,  the  cayities  filled  with  fer- 
mginons  day. 

s.  Quarts  grains,  cemented  by  brown  amorphous  limonite,  and  dis- 
ssmiBated  through  it,  patches  of  hydrous  manganic  oxide  and  perhaps  of 


a.  A9&rag§  of  two  8ampUi, 

X 

Ferric  oxide         =^ 

81.55        = 

57.10  Metallic  Iron. 

Manganic  oxide 

0.10    . 

Cobaltic  oxide 

trace 

Alfitnltift 

1.49 

Magnesia 

0.47 

Lime 

trace 

Phosphoric  acid 

0.16        =- 

0.07  Phosphorus. 

SiUcic  acid 

2.98 

Quartz 

1.55 

Water 

11.70 

100.00 

100  Iron  contain  0.13  Phosphorus. 

h.  Pipe  Ore. 

Ferric  oxide                = 

88.74        = 

58.62  MetalUc  Iron. 

Manganic  oxide          = 

0.81 

Cobaltic  oxide 

trace 

Alumina 

0.88 

Magnesia 

0.84 

Lime 

trace 

Phosphoric  acid 

0.14        = 

0.06  Phosphorus. 

SiUcic  acid 

2.57 

Quartz 

0.44 

Water 

12.18 

100.00 
100  Iron  contain  0.10  Phosphorus. 
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e.  Sandroek, 

Ferric  oxide 

= 

i3.65 

Manganic  oxide 
Cobaltic  oxide 

1.55 

Alumina 

2.43 

Magnesia 

1.64 

Lime 

0.12 

Phosphoric  acid 

0.27 

Silicic  acid 

5.19 

Quartz 

36.52 

Water 

8.63 
100.00 

100  Iron  contain  0.39  Phosphorus. 

=        30. 56  Metallic  Iron. 


=  0.12  Phosphorus. 


Old  Cut  North  op  Gatesburo.  * 

A  peculiar  looking  amorphous  ore,  of  a  brown  and  yellowish-brown 
color,  uneven  to  subconchoidal  fracture,  dull  or  of  slight  waxy  lustre, 
inclining  to  resinous.  It  has  a  strong  argillaceous  odor  when  breathed 
upon. 

The  composition  of  the  one  specimen,  which  I  received  for  examination, 
was  found  to  be  : 

—        50. 14  Metallic  Iron. 


Ferric  oxide 

= 

71.63 

Manganic  oxide  | 
Cobaltic  oxide    f 

^ 

0.53 

Alumina 

4.63 

Magnesia 

0.37 

Lime 

trace 

Phosphoric  acid 

^= 

1.67 

SiUcic  acid 

3.69 

Quartz 

4.64 

Water 

12.84 

100.00 

100  Iron  contain  1.43 

Phosphorus. 

0.73  Phosphorus. 


The  amount  of  metallic  iron  in  the  calcined  ores  is  as  follows  : 


No. 


1. 

2. 

6. 
11. 
14. 

(C 


East  Pennington  Bank 51.49  per  cent. 

West  Pennington  Bank 57.07 

Rumbarger  Bank 59.08 

Lytle  Bank 65.30 

Bull  Bank— a,  fibrous  ore 66.25 

<*        "    —6,  average 59.41 

•Mr.  Platt*B  Station  608. 
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^o,  15.    Pond  Bank,  No.  1 ...  68.14  percent 

"  10-     Red  Biiak,  Ko,  1„ 50.4G  *' 

"  10-     Whorell  Bank ..,....,.. 55.04  " 

"  2L     KyeBa&k. 61*17  ** 

**  24.  Dry  Hollow  Bank— a,  fibrous  ore. .  66.82  " 

•'  **  **         *«         *'     — 6j  average.  . . .  -  50  J5  '* 

"  24*.  Red  Bank  of  Brj  Hollow. .........  63.23  *' 

'*  27,  Kerr  and  Bredin  Bank  ...........  56.4a  " 

•*  2a     Uofltler  Bauk. . 62.80  " 

**  20,     PennsylTama  Bauk^-^  average 04.67  ** 

"  "  '*               "     —fe,  pip© ore....  66.71  •• 

••  •'  *•                "     ^ff,  sandPOCk.  .,  33.44  " 

Ore  from  Old  Cut  N.  of  Gateaburg. .17.53  " 

All  these  ores  ware  examinod  for  Sulphur  and  Sulphuric  acid,  but  not 
a  liiigle  one  gave  n  decided  reaction  for  either.  They  weie  also  examined 
for  Titanium,  Chromium,  Vanadium,  and  other  metals,  but  with  negative 
results. 

Their  only  constituent,  which  has  an  injurious  eflect  upon  the  quality 
of  the  iron,  produced  from  the  i^amc,  is  phosphoric  acid  ;  most  of  them, 
however,  contain  it  in  too  small  a  quantity  to  be  of  much  harm*  Only 
two  of  the  samples  contain  it  in  a  larger  proportion. 

For  better  comparison,  I  will  arniinge  the  aroaitnts  of  Phosphorus 
which  would  be  contained  in  it)0  parts  of  iron^  provided  no  Iosb  of  either 
woiHd  he  sustained  \ 

Fibrous  ore  of  Bull  Bank. 0.06  Phosphoms. 

Pipe  ore  of  Feunsylvauia  Bank* 0. 10  •• 

A-rerageoreof     *'  **    ...........0.12  ** 

*Paiid  Bank,  No.  1. * ....0.127  ** 

Wry©  Bank. 0.15 

Kerr  and  Bredin  Bank 0.16  ** 

Bed  Bank  No.  1 .0.105 

K.  E.  or  Upper  Pennington  Bank 0.197  •* 

Average  of  Bull  Bank .,  .0.20  ** 

Lytle  Bank.. . . . .  .0.278  '* 

Hontler  Bank... 0.28  " 

Rnmbarger  Bank.. .0.30  ** 

8.  W.  or  Lower  Pennington  Bank 0.33  *' 

Fibrous  ore  of  Dry  Hollow  Bank 0.37  ** 

Red  Bank  of  Dry  Hollow .0.38  '* 

SandrrKk  of  Pennsylvania  Bank, 0.39  '  ♦ 

Dry  Hollow  Bank , . . , ...  .0.45  ** 

Whorell  Bank 0.87  •* 

Old  cut  N.  of  Gatesburg. 1,43  ** 

Of  all  the  ores  submitted  for  e3;ami nation  only  two  appeared  to  be  in  a 
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sufficient  state  of  purity  to  throw  light  upon  their  conBtitutioii,  afi  thejf 
were  cryatAlline,  and  free  from  visible  impurities.  For  this  reason  tbej 
were  ex.amintjd  separately. 

Ta-kirjg  into  confide  rat  itjii  only  their  principal  constituonts,  viz  i  Ferric 
oxido.  Silicic  acid  and  water,  the  question  arises,   in  which  foiTa   tlie| 
silicic  acid  ih  present,  as  it  is  undoubtedly  in  chemical  combination  with 
the  ferric  oxide  and  not  in  the  form  of  a  mechanical  admixture  i>f  a  and. 
If  pieces  *»f  these  hbroua  limonltes  ar©  placed  into  strong  chlorhydric 
acid,  all  tlje  ferric  oxide  will  he  extracted,  and  the  silicic  acid  wiD  remain 
in  the  shape  of  the  orig^inal  pieces,  of  a  siiow*white  color  and  tihrous 
structure*    The  only  hydrous  ferric  siliL^afces,  which  ar«  known,  are  Ab- 
thosiderite  and  Degeroeite,     The  former  is  a  cry  stall  zed  tnineraU  which 
has  a  comprvsition,   represented  by  the  formula  3Fe^0,,,  l^SiO^— 3U^O, 
it  is  very  probable  that^  although  observed  in  its  pure  state  only  at  one 
locality,  it  occurs  frequently  as  an  admixture  with  other  iron  orci,— If 
we  calculate  for  the  3,9S  per  cent,  of  silicic  acid  in  the  fibrous  miaei-al, 
from  Bull  Mine,  the  requisite  qua nti tics  of  ferric  oxide  and  witter,  w^ 
find  2,3S  per  ceni,  of  ferric  oxide  and  0,20  per  cent*  of  water,  making 
admixture  of  HM  per  cant,  of  anthosiderite.     The  atomic  ratio  Ijctweea] 
the  remain  big  78.12  per  cenL  of  feme  oxide  and  la.tU  per  cent,  of  water 
is  1  :  1,53  or  very  near  2  :  Z^  showing  the  hydrous  ferric  oxide  to  belimo- 
uite  :- 3  Fe,  0,,  3  Hi  a 

If  in  the  Hame  manner  we  examine  into  the  composition  of  the  fibrans 
mineral  from  the  Dry  JToHow,  the  2.47  silicic  acid  retiuii-a  1.40  per  cent* 
ferric  oxide  ami  047  water,  giving  an  admixture  of  4.10  per  cent,  of 
antho^iderite, — The  atomic  ratio  between  the  remaining  i^LOTper  cent  of 
ferric  oxide  and  12.75  percent,  of  water  is  1:  1»4,  which  also  shows  the 
ferric  hydrate  to  be  limonite,  which,  however^  has  already  lost  a  smull 
pait  of  its  water. 

The  above  anal y sea  show  besides  the  meohanically  admixed  rounded 
grains  of  sand,  which  I  distinguish  as  **  quartz,"  a  conHiderablc  quantity 
of  silicic  acid,  which  is  in  chemical  combinafcion,  probably  as  a  hydroofl 
fcnic  oxide*  But  as  it  is  impossible  to  say  what  the  trnc  chaiacter  of 
this  mineral  may  be,  whether  anthosiderite,  or  degerooite  a  siUoatc  ^f-^ 
the  composition  Fe,  O^,  2SiOj-h3HjO  or  a  species  not  yet  known  in  iti^| 
pure  state,  suffice  it  to  say  that  all  these  onfs  are  mechanical  mixtures^' 
uf  limonite  with  hydrous  ferric  silicate  and  minute  quantities  of  hydrous 
ferric  phosphate^  peihaps  dufrenite  or  cacoxeiiite;  some  of  the  ores  coihJ 
tain  besides  tJiese,  small  quantities  of  manganese  ores^  mostly  the 
called  ^^bog-manganese"  or  wad^  but  also  pyrolusite  and  psilomt4ane. 

It  is  a  very  remarkable  fact  that^  although  these  iron  ores  are  to  a  great 
extent  at  least,  the  result  of  the  deconi position  of  limestones  and  by  then 
precipitated,  tliat  almost  the  entire  amount  of  lime  has  been  washed^ 
out  of  them  and  only  traces  are  remaining  ;  of  Uie  second  constituent  of 
the  limestones,  the  magnesia,  a  somewhat  larger  quantity  is  left  be- 
hind, owing  undoubtedly  to  the  lesser  solubility  of  its  carbonate  in  c&r- 
boulc  acid  wttten 
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Of  tbe  limejstotica  only  »  faw  tyiiicul  varietie*  have  beeu  more  fully  in- 
Ttstigatcdj  espedaliy  tlKuse  from  the  I!  ostler  and  Peniieylvania  DauJts* 

LiUEBTOKE   AT    HEA]>    Or   HoiTLKll    BaKK. 

U  has  m  line  er;y8tftlfjne  gninuliir  atruoture  and  is  mottled^  whitish  and 
p^f  ;  the  aurfaoe  is  coated  with  ochreouA  argiUaeaous  irou  ore. 
A  pare  speoimen  from  whicli  the  iron  hm\  l>ee»  eari-efuUy  remoired,  oon- 


Carbonate  of  Iron              —      0*80 

=      0.B9  Metallic  i; 

*'          *•  Manganeaa    —      0.19 

^ 

**  Magnesia       ^    35.ia 

=    ie.7tj  Magnesia, 

»^Lime               ^    50.44 

=    33,28  Lime. 

Quartz  and  Silicic  Acid              3,84 

Alumina                                       0.54 

100.00 
The  atomic  ratio  between  Magnesia  and  Lirae  is  1 : 1,4,  which  is  the 
opopition  of  flome  of  the  *  *  pearlspar ' '  varieties  of  dolomite. 

LllCSfiTOKE  IS   HOSTLEU    BaNK* 

It  lids  four  feet  thick  over  33  feet  of  pipeore.  It  has  an  a«h-grey  color 
tnd  a  v«ry  fine  grain,  which  is  hardly  perceptible  to  the  naked  eye  ;  very 
friahte*     Its  composition  wa§  found  to  bo  : 


Carbonate  of  Iron 

=     0,50 

-     0,24  Metallic  Ii 

"          **  Manganese 

=     p;24 

**          **  Magnesia 

^    42,52 

-^  20.2,5  Magnesia* 

**  Lira© 

^    5L82 

=  29.02  Lime, 

Quartz  and  Silicic  Acid 

4.33 

Alumina 

0.42 

Water 

0.17 

lOO.OO 
The  atomic  ratio  between  Magnesia  and  Lime  is  1 : 1,  which  showe  it  to 
be  a  true  dolomite. 

UPFEtt  LlMESTOKE  VHOU  PKHSSTLTANIA  BaNK. 

Dark  grey  compact,  tligMly  crystaUiue 

The  analysis  gave  the  following  reaults  r 

Carbonate  of  Iron  =    1 

■*  **  Manganese    ^    i 

**         **  Magnesia  J 

**  **  Lime  75 

Quarts  and  Silicic  Acid  II 

Alumina  S 


^     0,63  Metallic  Iron* 

L90  Magnesia. 
40,09  Lime. 


100.00 
TIm  atomic  ratio  between  magnesia  and  lime  is  1 :  15. 
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LiMBSTOKB  IN  THB  PeNKSTLYANIA  BaNK. 

Pale  ash  grey,  very  finely  crystalline,  rough  to  the  touch  like  rotten 
stone,  very  friable  and  easily  falling  to  powder. 

Its  composition  was  found  to  be : 


Carbonate  of  Iron 

=    0.45 

=    0.22  Metallic  Ii 

"         •*  Manganese 

=    0.06 

"         "  Magnesia 

42.39 

—  20.19  Magnesia. 

"         **  Lime 

51.25 

=  28.70  Lime. 

Quartz  and  Silicic  Acid 

5.03 

Aluiiiina 

0.82 

100.00 
The  atomic  ratio  between  Magnesia  and  Lime=l  :  1,  shows  it  to  be  a 
true  dolomite. 

Another  Variety  of  Limestone  in  the  Pennsylvania  Bank. 

Yellowish  grey,  soft,  rotten,  feels  rough  to  the  touch,  sandy  ;  crystal- 
line ;  has  a  laminated  structure.    Its  analysis  gave  : 

0.57  Metallic  Iron. 


Carbonate  of  Iron 

=    1.18 

=     0.57 

**          **  Manganese 

trace 

"          "  Magnesia 

35.51 

=    16.91 

**          **  Lime 

45.73 

=    25.61 

Quartz  and  Silicic  Acid 

15.83 

Alumina 

1.75 

100.00 

The  atomic  ratio  between  Magnesia  and  Lime=l  :  1.08  proves  it  also 
to  be  a  true  dolomite. 

It  is  remarkable  that  the  limestones  and  dolomites,  of  which  I  give  the 
analyses,  contain  almost  the  entire  amount  of  silicic  acid  as  quartz,  only 
a  small  quantity  is  present  as  soluble  silicic  acid  and  in  combination  with 
alumina.  If  the  limestones  and  dolomites  are  dissolved  in  acid,  the 
quartz  remains  often  as  a  scoriaceous  mass  or  in  irregular  sandy  but 
not  rounded  or  water-worn  grains ;  sometimes  it  forms  large  coherent 
slaty  masses  in  the  limestone,  frequently  filled  with  minute  cavities, 
previously  occupied  by  rhombohedral  crystals  of  dolomite.  Similar 
pieces  found  in  the  Pennsylvania  Bank  are  white,  like  porcelain  and 
show  the  same  cavities  of  rhombohedral  crystals.  Other  varieties  of 
limestone  in  the  Pennsylvania  Bank  have  a  still  greater  admixtui*e  of 
quartz  and  are  a  real  calciferous  sand  rock.* 

University  op  Pennsylvania,  January  23d,  1874. 

*  These  analyses  sammed  up  about  100,  most  of  them  a  little  above,  one  or  two  a  little 
below,  but  all  within  the  limits  of  unavoidable  error ;  for  better  comparison  I  thought 
it  advisable  to  caloulate  them  for  100.00,  fh>m  the  actual  result  obtained.  (F.  A.  Qenth.) 
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A2ffAJ.TaE9«  OF  PEHfJfSTLVAFIA  PlFK,   JWHD   l*E3f»INGT0K  OrB. 

3,  DKYONSB:iitii  Terrace,  Kensikotoh,  London,  W., 

January  5tA,  1871. 
DKATt  Sm:— Herewith  I  beg  to  forward  ^ou  tb«  results  of  my  analysis 
of  tile  two  sdmplea  of  ore,  marked,  reipeetiTioly,  "Pipe  Ore"  aiid  "Pen- 
iiiii|rtoii  Bank/* 

The  whole  of  the  sampler  were  iotimatety  pulverized  together  in  each 
ease ;  they  contain 

PIPE  QKM, 

Silica lO.Si 

Peroxide  of  Irou - . .  >  ~ 78.18 

protoxide  of  Iron ,  _ ,      ,75 

Muminia.  ,.........,...*^* 2.51 

Oxide  of  Manganese ........*,...  traces. 

Carbonate  of  Lime - 30 

Carbonate  of  Magoema - L3<> 

Pbosphoric  Acid 17 

Combined  Water. 9*0& 

Moistare ,,..,..... 1,81 

golphur  .,..,♦....-.. * .......      .OS 


pmnmoTOV  bamh. 
5.42 
79.05 

1.29 
.11 


Magnesia. 


.11 

.04 

10.57 

8.55 


99.80  100.14 

Metallic  Iron 51.81  56.84 

"         "     exclusive  of  Water 58.25  64.85 

Both  these  samples  are  rich  iron  ores,  sample  ** Pennington  Bank'' 
being  nearly  pure  brown  hematite.  The  pipe  ore  is  a  harder  ore  than 
*' Pennington  Bank  "  ore. 

I  consider  both  samples  of  ore  adapted  for  the  manufacture  of  Besse- 
mer Pig. 

Believe  me  to  remain,  yours,  very  faithfully, 

Edward  Riley,  F.  C.  8., 
Jditallurgisty  Analytical  and  Consultiny  ChsmisL 


AiTALTsis  OF  "Pipe  Ore,"  "Kerr  &  Busdin"  and  Pennington 
Bank  Ores,  by  Ch.  Aldendorf,  Sub-Director  of  the  Georor- 
Marien  Hutte  High  Furnaces,  March  9,  1872. 


PIPKORK.       KERR^  BRKDIir.       PRIfHIKOTOV. 


Water 11.190  10.540 

Insoluble  Residue,  ^i^qs  }  •  •        5.120  13.400 

Oxide  of  Iron,  F^O' 82.050 


73.560 


12.340 

5.450 

79.450 


*  These  analyses  by  an  English  chemist  of  well  known  reputation,  espeelally  en- 
tnisted  by  Mr.  Bessemer  with  his  nnmerous  and  important  analyses,  are  here  added  for 
•omparison. 

A.  P.  8. — VOL.  XIV.  M 
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PIPB  OBS.       KBSB  t  BEKDIN.       PBNIf  mOTOH. 

Alumina,                  AlW 1.650  2.840  8.096 

Oxide  Manganese,  Mn'O'....  0.270  0.190  0.440 

Chalk,                       CaO 0.370  0.460  0.440 

Magnesia,                 MgO trace.  trace.  trace. 

Phos.  Acid,               P.O* 0.080  0.280  0.064 

Sulphuric  Acid,       S.O.' trace.  trace.  trace. 

100.730  101.270  101.280 

Per  cent  Metallic  Iron 57.435  51.492  55.61 

Phosphorus  in  100  Iron 0.061  0.288  0.053 

Per  ot.  Iron,  excluding  Water,      64.150  56.075  62.540 

"  The  Pipe  and  Pennington  Ores  if  melted  together  would  make  a  very 
superior  Bessemer  Iron.  The  Kerr  &  Bredin  alone  an  inferior  Bessemer 
Iron.  A  separate  analysis,  however,  of  Kerr  &  Bredin  shows  that  its 
Phosphorus  is  concentrated  in  the  Clay  thereto  attached,  and  it  may  be 
that  this  Ore  may  be  made  available  for  Bessemer  Pig,  by  proper  treat- 
ment before  smelting." 


Analysis  op   Pennsylvania  FurnacA  Limestone  by  Otto  Wuth, 
Chemist,  Pittsburgh,  Pa. 

From  Quarry  near  the  Furnace — a  grey  crystaline  Stone  : 

SiUcic  Acid 5.08 

Alumina. 1.34 

Carbonate  of  Iron 69 

*»  Lime i  91.53 

•*  **  Magnesia 1.31 

Sulphate  of  Lime trace. 

Organic  Matter 05 

From  Ore  Bank  Rail  Road  Cut  —  a  partly  crystalline  drab-colored 
stone  : 

Silicic  Acid 4.93 

Alumina 24 

Carbonate  of  Iron 87 

**  *«  Lime 84.66 

"  *•  Magnesia 8.98 

Sulphate  of  Lime 11 

Organic  Matter 21 


QtAf  CrystalUno  St<.iii«*»  sou  h  side  of  road  from  Half  M*>oti  Run  to 
loitler  Bauk,  near  th*»  llilf  Mojti  Hmi. 

Silicic  Acrd * , * f ,tl 

Alumina,. * ,  ♦., *».♦**      Jl 

CiLrboDJite  of  Troll .,...,....    1.80 

"  Liaie 88.91 

*•  Magnesia.  .....,..-...* ll.H 

Balpbuto  of  Lime.. . .  * , » , .      A2 

Organic  Matter.. , . . , , ♦ .01 

Stuooili  Grey  Stone  from  tiortli  side  ->f  road  ii^iir  I  be  rortgoiug  : 

Silicic  Acid.. ti.fc)7 

AlumiDa.. .-..,.,..,,...,..,...,,,..*,..*-..,,.    1.85 

Carbonate  of  Iron 7R 

»'  Lime. ..,...., 86.42 

**  **  Mi^gtie«i.k. 4.S4 

Sulphate  of  Lime.. , , 21 

Organic  Matter... ,.,-.,...* 16 


MtM^'o  Me j  HODS. 

It  will  be  seen  from  the  above  descriptions,  that  raining  openilione 
liav<*  been  mostlj  carried  on  in  this  region  in  an  irregular  and  primitive 
style,  I  requested  Mr.  John  W.  Harden  to  give  mo  the  bonellt  of  hiu 
large  and  varied  expertonce  as^a  mining  engineer  and  superintendent 
botb  in  the  English  and  in  the  American  collieries  and  iron  miueSf  in 
stating  what  ought  to  he  the  most  economical  mode  of  entering  on  and 
exhausting  tbe  Nittany  Valley  limestone  deposits,  llts  recent  f^uccesgin 
increasiing  the  export  of  limonile  from  Pinegrove  Furnace  banks  tsoutli  of 
CarlUle^  by  a  judieiona  appliciiHon  of  a  system  of  regular  approaches, 
Ijiutiflei  me  in  placing  a  high  value  on  any  practical  suggestions  lie  has 
to  oSer  respecting  similar  deposits. 

He  therefore  visited  the  Pennington,  Dry  Hollow,  Kerr  &  Bredln, 
PennsyliraJiia  Furnace,  and  other  Banks  above  descril>ed;  and  the  fi(!low- 
ing  extracts  from  his  report  will  show  that  there  is  but  one  conclusion  to 
arrive  at,  and  that  a  very  simple  one  ;  viz.,  that  the  system  to  be  almost 
universally  adopted  is  that  by  open- cuts,  approached  from  tbe  dii-ec- 
tion  of  the  railway,  at  the  lowest  possible  levels,  and  worked  to  the 
riglit  and  left^  in  advancing  slopes,  one  above  the  other  ;  that  the  deep 
rich-ores  should  be  worked  at  the  same  time  with  the  upper  wash -ores, 
or  not  greatly  in  arrear  of  them,  so  thiit  Ibe  wasli-ore  thus  won  may  pay 
the  expcojsw^'S  of  uncovering  the  richer  lower  ores;  and  that  where  surface 
wmler  is  aoarcej  bore-holes  should  be  sunk  to  serve  the  double  purpose  of 
ex  plomtion  and  water  supply. 

Wbether  additional  and  larger  fumacea  be  erected  in  the  Valley^  or 
irbether  tl^e  oi-es  be  sent  by  rail  to  the  Iron  Works  in  Eastern  and 
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Western  PentiRylvania,  in  both  contingencies  an  exploitation  of  oie  muM 
be  provided  for,  amounting  annually  to  many  hundred  thousand  tons 
per  annum. 

The  largest  mining  operation  in  the  Valley  being  that  of  the  Pennsyl- 
vania Furnace,  Mr.  Harden  takes  the  account  book  of  the  works  at  that 
point  for  a  practical  basis  of  calculation  of  the  cost  of  exploitation.  It 
is  evident  that  mining  conditions  through  the  Valley  are  very  similar. 
No  system  of  between-rock  mining  will  be  required  for  many  years.  But 
exploring  drifts  and  shafts  will  be  necessary,  and  under-cutting  where  the 
clays  are  destitute  of  ore  and  too  thick  to  remove.  Most  of  the  viork 
however  must  be  done  in  open  cuts  of  great  extent,  with  simple 
machinery  for  obtaining  water  and  washing  the  entire  mass  of  ore- 
ground  to  the  very  bottom,  or  to  the  deep  rock-ores,  which  can  be  quarried 
and  used  without  washing.  In  many  cases  the  rock-ore,  and  in  some 
cases  the  clay-ore,  can  be  followed  downward  between  solid  masses  of 
limestone  rock  ;  but  this  must  be  done  in  connection  with  the  open-cuts. 

At  the  Pennington  Banks  there  appear  to  be  from  50  to  80  feet  of 
wash-ore  and  clays  overlying  from  8  to  16  feet  of  rock-ore. 

At  the  Dry  Hollow  Banks  there  is  a  stripping  at  the  surface  from  5  t<» 
15  feet  deep  containing  but  little  ore ;  then  wash-ore  with  sands  and 
sandy  clays  to  a  depth  of  20  or  30  feet  before  reaching  rock-ore. 

At  the  Hostler  Banks  a  top  stripping  of  5  feet  or  more,  covers  50  to 
GO  feet  of  wash-ore  in  clay,  under  which  lie  the  pipe-ores,  which  are  re- 
])orted  as  having  been  in  one  place  over  40  feet  deep  ;  limestone  layers 
covering  and  dividing  the  mass.  The  miner  who  sunk  the  last  shaft  in- 
formed Mr.  Harden  that  it  went  down  60  feet  through  wash-ore,  5  feet 
through  solid  limestone,  and  7  feet  in  pipe-ore  on  one  side  of  it,  and 
wash-ore  on  the  other  side  ;  water  stopping  further  sinking. 

At  the  Pennsylvania  Furnace  Banks,  the  entire  mass  from  the  surface 
to  the  floor  of  the  quarry  is  wash-ore  mixed  with  clay  and  sand.  The 
whole  of  tbis  mass  has  been  washed.  '*  In  one  place  a  13  feet  face  of 
excavation  gave  3  to  4  feet  of  surface  soil  and  sienna-colored  sandy- wa^, 
the  remainder  below  it  being  a  sandy,  whitish  ochre,  and  sienna  colored 
cla^,  streaked  and  marbled  with  red  and  brown,  and  some,  not  large 
lumps  of  ore.  Scattered  through  the  whole,  in  considerable  quantity 
in  some  places,  are  small  pieces  of  quartz  which  are  picked  out  after  the 
ore  has  passed  over  the  trays.  In  another  part  of  the  diggings  this  quartz, 
fi-om  the  size  of  shot  to  lumps  3  or  4  inches  thick,  is  scattered  through 
the  mass.*  Some  masses  of  this  quartz,  of  one  or  two  cubic  feet  in  size, 
lie  about  the  quarry. 

**In  a  deeper  part  of  the  diggings  where  the  face  of  iron  and  work 
measures  45  or  50  feet,  in  two  heights  of  15  and  30  to  35  feet,  now  being 
moved  to  the  inclined  plane  for  washing,  the  face  is  made  up  of  sand  and 
various  colored  clays  holding  ore,  all  of  which  is  washed.  Limestone 
appears  at  the  bottom  and  pipe-ore  has  been  found  underneath  it." 

*  Mr.  Harden  gives  an  analysis  of  this  quarts  :  Water,  O.&O,  Silica,  90.00,  Iron  and 
alamina,  1.70,  unieter mined,  1  08. 
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Mr*  FT jirden  advises  that  tlie  shipping  of  wash-ore  tti?'uoV  carried  ou 
fir  in  sid^Aiioo  of  the  liftiug  of  the  rock  and  pipe-ore  at  its  litrtiiora  ;  be- 
eflti9e,  even  where  tLe  fjtrmin^  interest  does  not  ioterfore.^ueh  a  plan 
"<Jifctnrbs  the  equal  dLitributiow   of  dead  work"  'Mid  prt^veiits  i&e  re* 

jtctioii  of  those  parts  of  the  strlppiug  whicb  do  not  pay  well  for  waslting. 
Xmplet  room  ought  to  be  got  early  for  Uftiog  Uie  eutire  niass  aC-%1^ 
bottom  ores.  *'.\V: 

*'  With  a  g^ood  roonay  open  cutting  the  mass  of  wash  ore  should  cost  ao 
more  to  move  than  so  much  ordinary  excavation."  **The  ore-earlh  i» 
loaded  into  cars  carrying  29|  cubic  feet,  led  by  horses  to  the  fk)ot  of  Ui# 
vadine,  300  to  500  feet,  whence  it  is  lifted  37  feet  on  a  grade  of  1 4^,  to  a 
lere)  with  the  washers,  by  a  1^  inch  cylinder  steam  engine,  2  foot  stroke, 
id  pair  of  8  foot  drums.  The  car  load  is  again  di-agged  ir>n  feet  anrl 
(liimp*?d  into  the  washing  troughs,  in  whioh  revolve  thr^e  Arch! median 
screw-propeller  sliafta  20,  26^  and  2ft  feet  long  respectively.     The  shafts 

J  of  decagoiiial  timber,  15  inches  in  diameter  on  the  facets  of  which 

( screwed  cast  iron  blades.  The  ore  travels  73  fcet»  and  is  dropped  into 
tinx-'lasslfyiiig  screens,  the  sand  and  mud  b*!ing  lloated  off  to  the  setlling 
dam.  The  screens  have  |  inch  and  ^j'r  inch  meslu-!?.  The  ore  falls  on  sheet 
iron  trays  where  the  quartz  is  picked  out.  The  washers  are  driven  by  a 
lis  inch  cylinder  engine,  54  inch  stroke  ;  the  steam  being  generated  in 
Ifirodouhle  title  boilers  3D  feet  long  and  40  inches  in  diameter.  The  water 
arrives  by  an  aqueduct  2000  feet  long  mounted  on  tressels  arranged  along 
the  top  of  the  hi  11.  It  is  fed  by  a  pipe  of  13  inch  diameter  laid  np  the 
bill  Mde  to  a  vertical  height  of  110  feet  above  a  double  Worthington 
pump  with  30  inch  steam  and  15  inch  water  cy lenders ;  the  fall  of  rcsi-r- 
voir  is  I  foot  in  250.  Tho'steam  boilera  for  the  pump  are  also  30  feet  lon^ 
by  40  inches  diameter,  driving  also  a  Blake  stone-crusher,  used  for  the 
flux. 

The  digijing  of  the  ore  is  said  to  be  done  by  contract  at  half  the  price 
of  ordinary  earth. 

8i3t  cubic  yanls  of  earth  has  been  fonnd  to  prod  nee  an  average  of  one 
Um  of  wiished  ore,  the  d lingers  being  paid  U\  cents  per  carload  of  30 .5H 
cubic  feet  —  2S.r>7  of  solid  oartU.  A  cubic  yard  wil!  therefore  cost  t8J 
cents  and  a  ttm  of  ore  ^IJHK  The  ore  delivered  at  the  fnrnaca  costing 
|2,  thpro  remaiuB  01  cents  for  leading*  raising,  waslung»  picking  and 
delivery. 

But  tUe  great  economy  of  this  operation  can  be  duly  realized  otdy  by 
r^fnembering  that  the  earth  washed  and  ore  utilized  is  that  which  under 
any  other  cii'cumj'itances  would  be  dumped  on  one  side  as  **spoil/'  jind  as 
mich  charjreable  against  the  lower  and  better  ore.  ^^  i?ecing  also  that  iu  so 
utilising  this  (otherwise '  refuse  just  so  much  dead  charge  is  removed^  we 
are  led  to  iiuticipate  a  less  costly  production  of  the  ore  which  follows  it ; 
and  we  have  ground  for  contemplating  equally  favorable  results  at  other 
hanks,  tho  same  course  being  pursued,'^ 

The  Furnace  stands  under  the  high  bank  of  SprUL^e  Creek,  with  iU 
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Village  oceji j>j^ijig  the  ii  [ii>cr  slojiea  on  both  aidea  t*t  tbe  Creek*  and  tho 
iaj^ms  titii&tbl^ifg  sou  ill  and  tni&t  tu  tUa  fout  of  the  moutitftin^  It  is  a  »Utik 
43  feet  li!gh;'9|J  feet  across  the  boshes,  43  incli  luuuel,  nlope  of  boshes  ^^^ 
hearUi  5|  feet  htgbi  48  inehes  wide  ut  lop  uiid  00  inches  at  the  bottom^  with 
two  col^air  tuyeres,  fed  from  blowing  tubs  Li.4  long,  driven  by  a  10  inch 
c/Hnd^r  engine,  4|  feet  stroke.  A  Cameron  blast  22  inch  steam  cylinder 
.'4pd  6  :<  5  feet  blowing-tub  is  held  in  reeeive.  Steam  is  generated  in  thrta<3 
nirfTrept  cylinders,  42  inches  in  d  lame  ten  fed  with  Creek  water  by  a  No.  4 
,' Cameron  steam  pump,  with  a  No*  8  Earl  steatn  pump  in  reserve.  Another 
Mteam-engina  drives  three  lathes. 

The  uniform  yield  of  Uie  ftimnco  has  been  li30  tons  per  week*  It  is 
now  cbaaged  to  hot  blast,  by  the  recent  election  of  a  Pleyer  oven  ITxoX-i 
feet,  with  six  tiers  of  pipes,  in  a  building  17  X  1^< 
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THE  FOSSIL  OHE  BELT, 


On  tbe  nortb*west  flank  of  the  Bald  Eagle  Mountain  the  Medina  Red 
Sand-stone  and  the  Clintoti  Red  Shales  and  Marls,  all  standing  vertieal 
at  the  out-erop,  (see  figs.  1,  2,  3,  4|)  bring  up  to  tbe  surface  the  Upper 
Soft  and  Lower  Hird  Fossil  Ore  Beds,  long  and  extensively  worked  at 
Frankstown  in  Blair  County,  15  miles  south  of  Tyrone  City. 

One  or  other  of  these  out-crops  may  be  noticed  at  tbre^  points  marked 
on  the  west  Hank  of  tbe  Bald  Eagle  Mountaiu  in  the  Large  Topographi- 
eal  Map  accompanying  this  report. 

On  a  separate  and  £  mailer  Map  of  the  same  MountaiOp  continued  to  the 
iioutli  of  Tyrone  under  the  hical  nam©  tif  Brush*Mountain,  both  out-cix>ps 
may  be  «een  in  the  same  relative  positions. 

On  the  sheet  eont^tnitig  this  similler  Map  are  three  geological  crosn 
sectioua,  two  of  which  ahow  the  vertical  attitude  of  the  fossil  ore- beds  at 
Tyrone  City  Gap^  and  the  third  the Ir  wore  indined  attitude  at  Dyssart* 
Mine,  at  the  south  limit  of  Lyon,  8horb  &  Co/s  lands,  four  miles  soutb 
of  Tyrone  City  Gap,  By  the  time  c!ip  bod'^  reach  Frankstown  they  get 
to  be  nearly  boriiontaL  Beyond  HoUidayaburg  they  become  vertical 
again,  owing  to  the  Morrison's  Cove  fault  (whieb  exactly  simulateB  the 
Bellefonte  fault),  and  atiaiu  they  die  away  to  the  horisoutal  on  Dunningi 
Creek.  At  Bedford  they  are  again  vertical  ;  and  so  they  alternately 
iitand  and  fall  thi  otigh  Vtr^  inia  and  Tennessee, 

In  the  other  direction  from  Tyrone  City,  north-eastwardt  the  vertical 
attitude  of  the  fo&stl  ore-beds  is  pretty  well  maintained  for  forty  miles ; 
past  Belie fcinte.  Lock  Haven  and  VVilkesbarre,  to  Muncyf  where  they  fold 
almost  bonsoatiUly  around  the  east  end  of  the  Bald  Eagle  {Muncy) 
Mountnini 

Wherever  the  out-crope  of  the  fossil  ore-beds  of  No.  V*  have  been  ex- 
amined, ahm^  Uieir  out-crops  to  the  north -east  of  the  Tyrone  neighbor- 
hood, they  have  been  fomnd  too  thm  to  work  {  at  leatt,  for  cold  blast 
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eb&rooat  funi;M*e  nm^  in  th«  preseuca  of  the  mafuiticant  deposits  of  brown 

betcMito  in  the  Lower  Silari&n  LitDestonei  (No.  II). 

But  from  tUe  iieigliborhood  of  Tyrone  Citj  ti-ap  southward  ^  pa  lit 
Fraakstown,  Hotidajaburg  and  Bedford,  they  bare  piiid  well  for  mimng, 
lod  contiutie  to  furnish  an  apparently  inexibattstible  fund  of  3t)  per  cent 
to  iO  per  cent,  ore  to  the  large  eoke-fumuoes  of  Blair  and  Cambria 
Counties. 

By  comparing  my  larger  topognphical  Map  with  Mr.  Lowrie'i  Laud 
Map  it  will  be  seen  that  the  out  crops  of  Foasil  Ore  on  Lyon,  Shorb  & 
Cou**  Inudi  mnge  in  au  unbroken  line  from  the  Abner  Webb  tract  to  the 
Shipp€*n  tract,  a  distance  of  ten  and  a  half  (10|)  iniles»  and  always  in  an 
attitude  nearly  or  quite  vertical ;  fftlling  off  at  the  south  end  to  tiO*^  W* 
N  W. 

The  geological  order  of  the  bediat  Frankstowo,  where  they  are  exteo- 
tirely  mined,  is  by  cai-eful  measurement  as  follows  : 

Reil  Shale  of  Ko.  Y.  (Clinton  Group.) 
i,  Bofl  fossil  ore,  small  single  bed,  S  to  9  inches. 

EedShnle,  1 00  feet. 
4.  Soft  fossil  ore-bed.  V 

Yellow  oclire,  10  feet.  \     In  all  25  to  40  inobes. 

t.  Soft  fossil  double  ore-bed,  J 

Red  shales  and  some  thin  sand  stanes^  400  feet< 

Chocolate  sUtes,  20  feet. 
k  Fnmkstown  main  soft  ore^bed,  14  to  16  inehei. 

Grey  and  doye  colored  elates,   17  feet. 

Red  aand  stones  and  fihales,  155  feeti 

Hard  foE&il  ore-bed^  about  10  feet. 

Red  and  grvy  sand  stones  of  I Y,  to  the  crest  of  the  Mountain »  say  TOO 
'feet, 

a.    HAR0  rOBStL  OB£^  BEO^ 

This  is  a  layer  of  sand  charged  with  peroxide  of  iron  and  full  of  minute 
fossil  shells  and  enerinal  discs  the  calcareous  parts  of  which  are  dissolyed 
ftway.  It  forms  a  bed  of  ore  yielding  by  analysis  about  80  per  cent,  of 
iron  ;  and  in  the  furnace  3 J  to  3^  tons  of  it  uiake  a  ton  of  meUl^  always 
cold* short,  and  therefore  chiefly  valuable  when  mixed  in  proper  propor- 
tions with  other  ores. 

Prof.  Pcrsifor  Frazer's  analysis  of  specimens  taken  from  the  middle 
bench  in  Dysart's  Mine  recently  opened  i^see  smaller  Map),  made  for  me 
la  his  laboratory  in  the  University  of  Pennsylvania,  is  as  follows  : 

Specific  grayity ;  ZM. 

Seiquloxide  of  iron ....,,.,.......,,  .88,48     )     Metallic  iron 

ProioxMe  of  iron. , _  4.S7     i  80*34 

Biiica . m.m 

Alumina. ...,.-. * 9.56 

LiMie , , .*.... 1.08 
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Magnesia a  trace. 

AlkaUes 2.54 

Phosphoric  Acid 1.48 

Sulphur 0.05  (trace.) 

Ijoaa  by  ignition 4.50 


Total 100.00 

At  Howard  Furnace  the  ore  was  analysed,  &c.,  some  years  ago  and 
found  to  contain  28  per  cent,  of  iron. 

The  bed  was  here  found  standing  at  8OO  towards  the  N.  N.  W.  and 
only  22  inches  thick. 

In  the  end  of  the  Mountain  south  of  Tyrone  City  this  bed  has  been  re- 
cently opened  at  a  height  of  260  feet  (by  barometer)  above  the  Juniata 
River,  the  slope  of  the  surface  being  40^,  and  the  pitch  of  the  bed  at  the 
out-crop  60^  into  the  mountain  (S.  E).  But  this  is  due  to  the  creep  of 
the  out-crop  down  hill.    The  body  of  the  bed  stands  vertical. 

There  is  6^  feet  of  rock-ore  between  overlying  sandy  shales  and  under- 
lying foot  shales ;  only  the  upper  22  inches  of  the  bed  in  six  plies  is  here 
workable. 

At  Dysart's,  4  miles  south  of  Tyrone  city,  a  tunnel  20  feet  long,  575 
feet  (bar.)  above  the  level  of  the  Juniata,  strikes  the  bed  pitching  50^  to 
6OO  (at  the  two  headings,  right  and  left)*  towards  the  N.  50°  W.  About 
six  feet  of  ore  is  here  mined  and  sent  to  Pittsburgh,  via,  Tipton  Station 
on  the  Pennsylvania  Railroad  at  the  foot  of  the  mountain  opposite  the 
mine. 

At  the  heading  in  Oct.  1873  was  seen  the  following  order  of  layers  : 

Fossil  ore,  at  mouth  of  tunnel  in  soft  rotten  shale 6  inches. 

Rock  in  tunnel 16  feet. 

Hard  lean  fossil  ore 1     *'     5  inches. 

Hard  fossil  ore 2    **   10      " 

Clay  parting 2      ** 

Hard  fossil  ore 2     "     0      *« 

Soft  shale  floor  rotted  into  compact  mud,  the  water  bearing  stratum. 

In  October  1873  a  Pittsburgh  furnace  was  doing  good  work  mixing  |  of 
this  Tipton  (Dysart)  ore  with  J  of  a  very  pure  ore,  deficient  in  silica  and 
alumina,  which  deficiency  the  hard  fossil  ore  supplied;  and  that^  without 
any  marked  prejudice  to  the  run  of  the  furnace  as  to  quantity,  although 
two-thirds  of  the  Tipton  ore  went  below  40  per  cent,  and  one-third  below 
20  per  cent,  of  iron ;  the  Tipton  ore  making  good  cinder,  and  thus  re- 
lieving a  part  of  the  pure  ore  from  that  duty.  The  quality  of  the  pig- 
metal  produced  after  the  mixture  was  adopted  remained  unchanged. 

This  aspect  of  the  future  utility  of  this  lowest  deposit  a  of  the  fossil 
ore  series  of  N.  V.  is  important.  1 

At  Frankstown  the  bed  sometimes  reaches  a  thickness  of  ten  feet. 

*  Higher  ap,  red  sandstone  at  the  surface  dips  78°. 
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Qd  ibe  iontliesut  flmnk  of  Tu^scj  Mountain  &t  H.  H.  Poweirs  mines, 
ten  miles  soiiUiea«t  of  Frankstown,  the  mme  hed  varies  from  15  to  25 
feet  Iq  ihif^kneiSp  aitd  sbowB  tliree  wcll-mjirked  benches,  an  upper  and  a 
lower  of  sandy  rock  ore,  and  a  middle  beueUt  5  or  0  feet  tbick,  of  soft 
ficb  foeail  ore*  whidi  is  mined  hj  tbe  Cambria  Iron  Co.  and  transported 
is  large  quantities  ninety  {W)  miles  by  railroad  cia.  Huntiogdon  and 
Tyrone  city  acro^  the  ALteghany  ^louotaiii  to  tho  Company's  fuTnacee 
at  JoUnstown  in  Cambria  County,  for  mixing  witli  ooal* measure  ores 
mined  back  of  the  furnaoes)  and  high  grade  ores  from  Lake  Superior 
and  Missouri* 

This  is  another  practieal  e  ride  nee  of  the  Importanoe  of  this  deposit  to 
Ihe  pl£-metal  make  in  America. 

Hie  bed  is  absolutely  continuous  and  uninterrupted.  Its  outcrop  can 
^  aliraya  be  found  at  a  weli^detincd  elevation  on  the  tlaak  of  the  Upper 
ilttri&u  Mountain,  and  about  two-thirds  of  the  distance  from  the  base 
flowarda  the  lummit.  But  the  bed  is  very  v^iriabie  in  thickness  ertn  iu 
dlAtanoee  of  a  few  hundred  yiirds,  and  ouglii  to  be  opened  in  many  places 
I  along  its  inn  of  nearly  eleven  milee  through  Lyon,  Shorh  &  Company *a 
j^iinds,  before  any  esten&ivc  mining  plant  is  made. 

Ila  solid  oontenta  aboP6  ttaUr  Ueel  la  very  litrge.    Southwest  of  Uie 

ryrone  gap  tt  contains  above  water  level  from  one  to  tbi-ee  million  cubic 

»  of  ore,  according  as  its  thickness  varies  from  three  to  nine  feet, 

jlCoithea&t  of  the  g&p^  It  contaiDs  one  to  two  millions  more,  allowing  for 

|fbfl  probmble  general  thinning  of  the  bed  In  that  direction ;  but  as  ex- 

'perience  has  taught  us  that  Bections  of  its  outcrop  are  very  likely  to  show 

im  exaeptionally  great  tbiokneis,  the  estimate  may  he  indefinitely  in- 

.ereased. 

Along  the  whole  10^  miles  of  outcrop  it  rnna  parallel  to  and  within  less 

(than  a  mile  of  first-class  railways,  (the  Pennsylvania  Itailway,  and  the 

Eagle  Valley  Railway,)  which  offer  faclUties  for  difttribnling  it  to 

1009  in   northern,  eastern,   and  western  Pennsylvania.     It   is  also 

r^xpoficdon  both  stdes  of  the  Tyrone  Gap,  on  the  line  of  the  Pennsjlvanm 

Ralirc>ad,  bo  that  a  main  gangway  a  mile  long  can  be  driven  in  just  high 

enough  above  grade  to  allow  ofehuteion  a  siding. 

This  bed  iu  its  descent  beneath  the  surface  and  water  level  probably 

^iu^er^  no  such  change  as  that  which  the  soft  fossil  ores  (to  be  next 

|e9eTihed )  suAer,  and  it  can  thererore  be  mined  hereafter  to  au  indefinite 

stance  downwards  by  shafts  and  slopes,     This  fact  adds  many  millions 

pf  tons  of  available  ore  to  the  estimate  given  above. 

Soft  Fossil*  Oee  Beds, 

About  40  inches  of  this  oie  may  be  looked  for  along  Its  outcrop  where- 
ever  tlie  deposit  e,  d,  is  in  good  order.  Sometimes  its  three  beds  are  near 
enough  to  mine  in  one  gallery.  Oftentimes  one  or  another  of  them  is  want^ 
ing*  Often  they  lie  ten,  twelve  or  more  feet  atuuder.  The  variations  are 
frequent  and  rapid.    Several  hundred  feet  beneath  the  triple  l>ed  <;,  d^ 
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occurs  at  Fr&nkstown  bed  h,  «o  iLick  ab  to  be  called  th^re  tb©  main  bed, 
A  hundred  feet  above  the  triple  bed  Cf  d,  at  Frank Atown  m  Jititl  aaother 
layer  a  Tew  inches  thick. 

It  is  loiportaDt  to  note  tlie  order  in  wliicb  these  deposits  oociir  to  the 
explorer  descending  the  mountain  side  from  the  outcrop  of  tbe  hsird 
foMil  ore,  because  it  is  rt^ry  evident,  that  the  occasional  openings  made 
along  the  range  on  one  or  other  of  the  three  principal  soft  fossil  ore  out- 
crops, via,  &;—<?,  d; — «;— ate  very  mideading.  The  Bald  Eagle  Moun- 
tain was  for  many  years  condemned  by  geologist*  as  destitute  of  w&rkuhk 
fossil  ore  J  because  the  number  of  beds  was  not  known  ;  no  comparison 
of  localities  was  made ;  no  complete  section  down  the  mountain  slope,  at 
any  one  place.  Siac^  the  dllTijr^nt  beds  vary  In  thickness  constantly 
and  rapidly,  and  apparently  under  a  Law  which  may  be  rudely  stated 
thuj  :  mlun  on^  bid  thkk^jH  it  it  at  tht<  txptiiu  of  the  otheri,  as  if  tbere 
was  but  a  certain  qimntlty  of  iron  at  command  and  sometimes  one  bed 
would  get  more  th^n  its  share^  and  sometimes  another,^ — it  follows  that 
the  value  of  any  tract  on  the  mountain  side  can  be  determined  only  after 
a  thorough  trial  of  all  three  (five)  outcrops  of  soft  fossil  ore  has  been 
made ;  and  in  no  instance  hat  this  been  done,  in  the  range  of  10|  miles 
upon  the  Lyon,  Shorb  &  Co.  *s lands,  nor  between  them  and  Frankstown, 
nor  east  of  them. 

Every  road  decendtng  the  west  face  of  the  mountain  exposes  one  or 
more  of  these  outcrops ;  the  highest  (lowest  geologically)  being  alwaya 
50  or  60  yards  below  the  hard  fosail  outcrop)  where  the  sandstones  of  the 
crest  commauoe. 

The  red  sandstones  of  the  crest  and  first  steep  pitch  of  mountain  side 
between  the  crest  and  the  hard  fossil  outcrop,  send  a  njttltitude  of  frag- 
ments down  over  the  floft  yellow  aud  red  shales  forming  the  middle  slope 
of  the  mount %iu»  and  under  tliese  the  soft  fossil  outorops  he  concealed* 
The  gentle  foot-slopes  of  the  mountain  are  occupied  by  limestones, 
marls  and  red  shales. 

One  of  the  soft  fossil  beds  has  been  opened  1,300  yards  northeast  of 
Tyrone  city,  as  shown  on  the  Brush  Slountain  map  aoeompanying  this 
report,  at  an  elevation  of  370  feet  above  Railroad  grade.  A  limestone 
bed  crops  out  70  yards  down  the  slope  (above  it  geographically)  at  320 
feet  above  railroad  grade.  The  ore-bed  is  opened  by  a  tunnel  and  **  is  1» 
inches  thick, ''  including  some  thin  layers  of  feniferoua  fossil  limestone^ 
It  stands  **  vertical,'*  or  overturned  slfghtlj  so  as  to  dip  into  the  moun- 
tain in  a  direction  S.  48'^  B. 

Nothing  is  known  of  the  other  beds. 

Experience  at  Danville  and  Bloom sburg  in  Eastern  Pennsylvania  has 
proved  that  the  soft  fossil  ore  can  be  extensivety  mined  when  only  10  or 
18  inches  thick  (on  a  general  average  of  the  workings)  as  may  be  seen 
by  reference  to  the  very  important  chapter  written  on  this  subject  by 
Prof.  H.  D,  Rogers  at  page  440  and  onward  in  tho  flrst  volume  of  the 
Final  Report  of  the  Geology  of  Pennsylvania.    Experience  at  Franks- 
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tawn  b&s  b4?«ii  similar.  But  mt  thnm  XiMikl'itlm  tlie  geotle  dip  b^  its 
:  Qpou  the  eeooomy  af  miaitig,  utid  perhaps  upofi  Uie  qaestiQu  of 
wUich  I  he  to/tsntti^  ofthefaJt^U  Ume^huie  mta  i^ftfmHl  &rs  luu 
fono,  1  mf  pevMp^f  because  it  wa»  Mr.  Hogora'  tlxed  opittion  tliat  Uie 
tomii  ore  would  ^ot  be  found  tit  fur  mlaiog  operations  tftlotig  those  runs 
of  outcrop  where  the  beds  stood  sit  a  &teep  aiigle,  or  v^TticoJ.  This 
fipiniou  mtist  be  set  aside,  sinoe  the  long  horisouta]  gangwsjs,  at  water 
birdi,  at  Bedford^  have  yielded  the  soft  ore  in  a  ])erfect  GoadiUon  at  ft 
depth  of  several  hand  red  feet  ye  it  i  call  y  beneath  thd  outcrop. 

It  is  safe  therefore  to  expect,  iu  the  ten  or  eleveu  miles  of  ore-range 
one  or  tuore  of  the  beds  at  other  pl&ee^  of  workable  thicknesa 
[  cooditiou,  with  an  average  breaat  above  water  level  of  from 

i%&  400  feeL  If  onlj  18  Inches  of  prober  ore  can  be  got  from  all  five 
bcds»  aloog  the  whole  10^  siik^  thero  exists  practically  9'2d«0OO  euhle 
jiitils  of  the  ore  above  water  level.  If  the  average  thicknesses  mined 
it  Framkatown  extend  to  Tyrone  city,  then  there  exists  in  the  four 
niilea  of  mountain  eiide  along  th@  Pennaylranta  Itailway  alone,  and  above 
water  level  alone,  42  to  64  inches  v  7,040  x  100  ^  2,464,000  to  3,731,- 
309,  ==  say  three  nailiions  of  cubic  yards  of  ore.* 

It  is  not  to  bo  expected  that  all  the  beds  can  he  mined  at  anyone  place ; 
bat  a  million  of  tons  of  good  merchantable  soft  fossil  ore  to  be  won  from 
tlie  south we&t  division  of  the  Lyon^  ShoTb&  Co.'s  lajada,  aboif4  neater  kt4i 
cannot  be  an  unreasonable  estimate. 

Tbi^i  ore  is  greatly  esteemed  and  extensively  used  by  all  tlie  furnaces 
nf  Pennsylvania  which  can  get  it.  &%  an  enriching  Aux  for  leaner  iron- 
atones,  and  as  a  fusable  mixture  for  refractory  highgrade  magnetites. 
At  Frankstown  and  elsewhere  it  has  furnished  the  greater  part  of  the 
burden  ;  and  at  other  furnaces  it  is  mixed  in  large  propiirtions  with 
lirowu  hematites.  It  always  holds  lime  in  the  condition  of  undisHoived 
fossil  shells,  and  works  kindly  with  the  sandy  rock  fossil  (a)  of  the  ( 
(Cpper  BUnrian)  formation. 


Ni*TE.  Jlareh  4,  18T4.  Miv  Stewart  has  just  made  the  important  dis- 
covery, by  running- in  horisontalty  a  monkey*diift,  west  of  Tyrone  Sta- 
tion, that  four  layera  of  soft  fossil  ove  occur  there  in  a  space  of  seven 
f^?et,  measuring  respectively  IH,  10,  5  and  2  inches.  This  affords  nearly 
the  normal  quantity  of  40  inches,  and  more  than  the  quantity  required 
for  profitable  exploitation.  It  is  an  especially  important  trial  work,  in- 
asmuch as  it  casts  an  encouraging  light  on  the  untested  and  hitherto 
dacpiaed  range  of  outcrop  east  of  Tyrone.  J.  P.  L. 


•  Wr.  n«f  em' formulft  of  WJ.OQOUme  of  ope  frum  each  mnnlTiit  mile  of  oiU^fop  wm 
biMe«l  upun  tili  thon  nMiimeft  tojijdmum  dofith  af  no  nauri]  tbau  So  y^rUs  far  llie  mh  or* 
In  a  itr&tuta  IS  Itivhes  thick,  two  Updi  of  or«  golpg  to  »  oubk  yard. 
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ON  A  SUPP0:3ED  ALLOTUOPIC   MODIFICATION  OF 

Bv  Prof.  EinviN  J.  Houston. 

(  Umd  before  l/Wf  Am^rkan  PhihiMophical  SoeUtii^  JanU'jrp  Ifl,  1874) 

In  connection  With  Prof.  ElUm  Thomson,  of  the  Artizan'a  Night 
Sohool^  tlie  author  h  la  undertaken  a  series  of  experiments,  resultin*^,  it 
is  believed^  in  the  dUcovory  of  a  new  alio  tropic  modiflcatioii  of  phos- 
phorus. 

It  !§  well  known  tliat  when  phoaphoruts  is  boiled  in  strong  aolution  of 
potassium  hydra  to,  and  then  allowed  to  cool  slowly,  it  retaina  it«  liquid 
state  for  some  time  ;  but  that  if  shaken,  or  touched  with  a  sharp  point 
it  instantly  aolldlfies^ 

We  believe  that  in  the  cases  heretofore  obserred,  the  property  of 
retaining  the  liquid  state  is  probably  owing  to  the  admixture  with  the 
ordinary  phoaphurus  of  an  allotropic  modification,  having  the  property 
of  retaining  its  liquid  state  indefinitely,  and  that,  therefore,  if  this 
motlitiopitiun  were  obtained  sufficiently  pure,  it  would  exhibit  propertie* 
fltrikinglj  distinct  from  the  common  variety.  We  have  undertaken  the 
experi mentis,  with  the  following  remit i  ; 

Oo<wl  stick  phosphorus  is  taken,  and  boiled  for  gome  time  in  strong 
sola!  ion  of  potassium  hydrate,  and  water  occasionally  added  to  replace 
that  lost  by  evaporation.  Care  must  be  exercised,  by  cautious  stirring, 
to  prevent  the  melted  phosphorus  from  being  carried  to  the  surface  by 
bubbles  of  diiengaged  gas.  After  boiling  for  live  or  ten  minutes,  the 
liquid  phosphorus  is  carefully  washed  by  repUcing  the  alkaline  solution 
by  &  stream  of  cold  water.  In  this  way  the  hypo  phosphates  are  removed, 
aa  well  an  the  liquid  and  gaseous  hydrides  of  phosphorus*  Tlie  liquid 
inodillcation  thus  obtained  possesses  the  following  pecnUaritiest,  which 
we  believe  entitle  it  to  a  place  as  oa&  of  the  allotropic  Atites  of  phos- 
phortis : 

1st,  That  of  retaining  for  itn  apparently  inde Unite  time  its  liquid  con* 
dition,  at  temperatures  far  below  the  melting-point  of  the  ordinary 
material*  A  carefully  prepared  speeimen  has  been  kept  by  us  beneath  a 
water  surface  for  the  past  four  months.  It  is  still  in  the  liquid  state,  at 
the  time  of  making  this  communication  and  seetiis  to  promise  to  keep 
this  state  for  an  indeiinite  time.  To  make  the  retention  of  its  liquidity 
still  more  striking^  it  may  be  remarked  that  the  room  in  which  the  speci- 
men is  preserved  hai  been  for  several  weeks  without  a  fire*  the  tempera- 
ture probably  reaching  40'^^  F.,  a  point  far  below  the  melting-point  of 
ordinary  piiosphorus.  The  specimen  in  question  was  poured  into  a  small 
test  lube,  and  covered  with  about  an  inch  of  water.  The  test  tube  was 
tlien  hung  by  a  string  in  a  place  where  it  was  secure  from  sudden  jan  f»r 
shaking.  We  have  every  reason  for  believing  that  this  specimen,  in 
common  with  numerous  others  experimented  upon,  will  iuRtantly  solidify 
upon  being  touched. 

A  8]>ecimen  of  the  liquid  modification  was  plaeed  beneath  a  water 
surfaee,  and  exposed  to  artifielal  cold  produced  by  tl»e  evaporation  of 
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ethef .     It  lolidtfied  at  about  "M-'  F,     WiUi  larfrer  specimens  and  uoder 

c^re  fa^orjible  condltionB^  the  reduction  m^j  possibly  be  CErried  ttitl 
irlher. 

M,  Auotber  peculiarilj  of  the  liquid  modificatioa  is  that  of  its  non- 
fnMUt!<*n  wli«n  exposed  to  direct  contaet  of  afr* 

3d.  As  a  result  of  this  last  meutioned  property,  the  IquiJ  dttes  ni*l 
sliitie  ru  the  dark,  Ordioaiy  awd  liquid  pbo*tJhorU3  were  exposed  uoder 
ihc  R^rae  cii-ciimataQces  to  the  air  in  a  dark  room.  The  cumnion  varieiy 
«mitu*il  the  well  known  light,   the  other  was  entirely  oon-hiniinouii. 

There  result  apparently  two  distiQCt  raiietiea  of  solid  pliosphorua  from 
Ihe  KolidtlicatloD  of  the  liquid  roodification.  One  is  tough  and  waxy^  like 
the  ordinary  material,  tlic  other  is  i|uite  brittle  and  crystalline.  We  hav« 
mitioi^i  that  in  alt  cases  well  prepared  s|>€cimens  of  the  liquid  produced 
nn  solidification  the  second  variety^  while  poor  or  indifferent  ones  tbe 
tirat*  We,  therefore^  regard  that  from  which  the  second  b  produced  m 
lh«  trutj  Hqnid  modifvcation* 

Tho  brittle  crystalline  solid  thus  produced  cO■npo^^B  itself  &i>mewh at 
4iift*rent!y  from  the  ordinary  variety.  It  oxidizes  rapidly  in  the  air,  an<l 
raises  its  temperature  so  rapidly  as  to  melt  down  into  a  liquid  state,  in 
which  It  is  very  easily  i  a  flam m able- 

In  i inter  to  test  whether  the  liquid  modification  underwent  any  charge 
«>r  vijloine  at  the  moment  of  soliditicatLon,  tbe  following  experiment  was 
made  :  A  small  spseioaen  was  placed  in  a  test  tube,  and  covered  with 
w;it«r,  A  stout  glass  lube,  having  one  end  drawn  out  into  a  capillary, 
WI15  inserted  into  a  cork,  and  tightly  placed  in  the  tube.  The  whole 
api»armtas  was  then  filled  with  water  to  within  an  inch  of  tbe  top  of  the 
cipitlary.  No  appreciable  change  of  volume  could  be  detect^nl  at  the 
moment  of  Bolidifieation,  though  it  ib  possible  that  the  diraiautjon  of 
balk  consequent  on  tho  passage  from  tbe  liquid  to  the  solid  state^  was 
exactly  neutralized  by  the  expansion  produced  tbrough  the  heat  develo^ted 
hj  Boliditication. 

To  test  wb ether  the  teniperature  of  tbe  baiUng  point  bad  any  effect  in 
producing  the  liquid  nuKlificalion,  aick  phosphorus  was  boiled  in  a  con- 
centrated solution  of  ziDc  chloride.  The  result  was  a  variety  which  with 
diflleulty  retained  its  liquidity ^  and  on  eoeliog,  exhihited  the  waxy  texture 
iif  tbe  ordinary  materiaL  A  high  boiling  iK*int  cannot,  therefore^  he  the 
cause  of  the  change. 

Experiments  were  also  made  to  ascertain  whether  tbe  new  modifica- 
tion were  some  compound  of  pbosphoinis  with  hydrc^cn.  The  result 
weemeil  to  sho^"  thii  not  to  be  the  case*  It  maybe  mentioned  incident^ 
ally^  that  during  the  conduct  of  some  of  these  experiments  a  fact  not 
generally  known  wa4  ohserved*  In  a  I'ulb  blown  in  the  middle  of  a  glass 
t^ibe  small  pieces  of  stick  pbosphoru»  were  placed,  and  the  ends  of  the 
tul>e  w«tue  drawn  out.  One  of  these  was  placed  in  connection  with  a  small 
h|dn>gcngasoneter,  and  the  phosphorus  in  the  bulb  melted  bycautijusly 
appliod  beati  Combination  of  course  ensued,  and  there  eBcaped  from  the 
frec^eiid  of  the  tube  a  spontaneously  inflammable  hydride^  whose  tempera- 
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ture  was  sd  low  as  to  render  it  incapable  of  Sgniting  tbe  free  hydrogen 
uHtiiag  witb  it*  Aftei*  a  lew  moruenti'  heating,  the  tube  tya«  hermetically 
aealed.  A  liquid  phosphorus  wa^  produced  diilering  markedly  from  that 
obtained  by  boiling  with  caustic  potaah.  It  was  very  mobilei  of  a  clear 
amber  culur,  and  on  solidifyin|^,  assumed  tbo  tough^  wajcy  stake. 

The  physical  peeuUaritieB  exhibited  by  the  mndiUcation  which  weha^e 
studied  seem  fairly  to  entitle  it  to  a  place  as  one  of  the  allotropio  condi- 
tion* of  phosphoraa.  Indeed^  lliey  are  much  mor®  strongly  marked  than 
tho^  upon  which  the  elastic  variety  of  sulphur  are  baaed* 


ABSTRA.CT  OF  THE  REMARKS  OF  PROF.  COPE  AT  THE 
MEETING  OF  THE  AMEHICAl^  PHILOSOPHICAL 

SOCIETY,  JANUARY  16,  1874. 

An  analysis  of  the  osteotology  of  the  extinct  ruminant  P&ebr&lIiiHum 
(Leidy  I,  from  the  Miocene  of  the  Westom  territories,  determines  some 
iniere&ting  relatloDi  to  the  living  and  extinct  members  of  the  order*  The 
cervical  vertebras  indicate  affinity  to  the  Catmlidirf  and  there  is  notlung 
in  the  remainder  of  the  stmeture  to  contradict  auch  relation,  The  wepara* 
tion  of  the  o*  trapeimdm  \a  found  in  the  camels,  atid  very  few  others  only 
among  Mfimmantia^  but  in  the  prcfience  of  tbe  iroptziuw^  FWltrtdhinum 
»bow&  relationships  to  more  ancient  tyjies,  aa  Anoplothrnidiff  &c.  The 
rednctioa  of  the  digits  to  twoj  and  the  separation  of  the  metacarpals, 
point  in  the  same  direction  ;  indeed,  the  number  of  carpals  and  tuetft- 
CArpals  i^  precisely  as  In  Xfphod&n^  But  the  mutual  relations  of  theae 
bones  are  quite  different  from  vtrhat  eitists  in  that  genus,  and  is  rallior 
that  of  tbo  Camdidtv  and  other  Ruminants,  or  what  Kowalevsky  has 
called  tbe  "adaptive  type.**  Thi*  author  has  seen  in  the  genus  (tdorus^ 
Aym*^  from  the  lowest  Miocene  or  upper  Eocene  the  ancestor  of  a  u umber 
of  the  types  of  tbe  order,  but  among  thene  he  doe!»  not  include  the  Vait^e- 
ItdtT.  The  present  genus  h  a  more  generalized  type  than  (hhats^  in  its 
separate  trapezoid  and  distinct  metacarpals^  and  represents  an  early  stage 
in  the  developmental  history  of  that  genus.  It  also  presents  affinity  to 
an  earlier  ty|>e  than  the  Tfugulid^j  which  sometimes  have  the  divided 
metacarpak^  but  the  trapesEOidoa  and  magnum  co-oiiS I fiod.  In  fact,  P^«t. 
br<^t  fan  Mill  as  direct  ancestor  of  the  camels,  indicates  that  the  existing 
liuminithtla  were  derived  from  three  lines,  represented  by  tbe  genera 
Qt'Utu»  for  the  typical  forms,  P&rhrothen'tim  for  the  camels^  and  ffjfa^' 
m^fichuA  for  the  Tra^uUdiM.  The  first  of  these  geneva  cannot  have  been 
derived  from  tbe  second,  on  account  of  the  cameluid  cervical  vertebrie  of 
the  latter*  and  all  three  must  be  traced  to  tbe  sonr<^  whence  weredoriired 
also  the  Atitfpifttheriidfft  perhaps  the  little  known  Difhodoutid*t, 

The  two  diF^tioct  metacarpals,  separate  trapezium  and  trapetioidefi, 
camel  Old  cervical  vertebrro,  and  dentition  characterize  this  type  a*  a 
peculiar  i'amily,  which  may  tie  oilled  IW^jrotMriidii',  The  genu*  from 
which  it  inkm  Its  name  was  originally  referrcti  by  Leidy  to  the  Camrlid^r. 
The  gener»  Ilifpertraifuluit,  Cope  ;  Liptomerifs,  Leldy  ;  and  II^piK<Hiu$ 
Cope,  are  probably  Tragnlid<B, 
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ORIGIK  OF  ATTRACTIVE  FORCE. 
Bt  Pttor.  Pliky  Eabls  Crase* 

(  ibeoretical  cycle*  aod  epicycles  of  Ptolemy  and  bis  predeoeaaor% 
tlie  rarl^ces  of  Descartes,  the  MjtLer  of  Kewtou,  were  all  i^uggested  by  sua 
ini^tiuctlYe  seareli  for  some  bud  pie  primitive  form  or  cause  of  motion. 

Gravilation  is  supposed  to  act  under  uniform  laws  in  »ll  parte  of  the 
iiniTei:9e,  and  many  attempts  have  been  made  to  refer  it  to  some  form  of 
setbereal  undulation.  Its  proportional  tty^  dii'ectly  to  tbe  mass  and  in- 
versely to  the  square  of  the  distance,  maybe  readily  acconnted  for  on 
tbe  hypotbesis  that  it  \&  tbe  resultant  of  infimtesimal  impulaes,  moring 
with  a  uniform  velocity* 

Prof,  Stephen  Alexander  baa  supposed  that  the  Star  Byatem,  of  which 
our  Sun  is  a  m embers  ia  a  spiral  with  several  branchea,  Tbe  logarithmic 
parabola  between  a  Ccntauri  and  tbe  Bun,  which  I  have  pointed 
unt  as  controlling  the  positions  of  tbe  planet^,*  confirms  this  hypothesis, 
«nd  also  fumisbea  eridenoe  of  a  material,  elastic,  slightly  com  press ible 

the  spherieal  undulatioun  nf  »iich  an  i^tber,  prapagated  like  the 
of  light,  tbe  perimetral  diAttirbance  must  be  jr  times  as  great  as 
the  tyncbronous  diametral  disturbance. 

Under  the  acliou  of  central  forces,  in  consequenoe  of  the  symchf  onlsm 
in  all  orbits  of  the  same  major  ails  :  — 

1.  A  body  would  describe  a  circular  orbit  in  the  same  time  that  it  would 
uicillat©  through  the  centre^  over  a  space  equivalent  to  two  diameters. 
The  velocity  of  tlie  circuhir  Qscillatiou  would  therefore  be  ^  of  the  mean 

bcHy  of  the  radial  oscillation. 

A  body  would  oscillate  from  a  circumference  to  the  centre  and  re* 
torn,  m  {^y  of  tbe  time  of  orbital  revolution. 

'I,  A  body  would  oscillate  through  a  diameter  and  return  in  (J)*  of 
the  time  of  orbital  revolutioni  or  in  the  time  which  would  be  required 
far  revolution  through  tbe  same  orbit,  with  the  velocity  acquired  by  in  - 
fioite  impulsion  to  the  circumference, 

4.  If  the  velocity  of  orbital  approach  to  a  focus  of  central  force  is  so 
retarded^  by  collisions  or  otherwise,  as  to  change  the  orbit  from  a  para- 
bola to  a  circle,  the  velocity  of  tbe  circular  oaclllatiou  will  be  ^  of  the 
mean  velocity  of  the  retarded  radial  oscillation. 

Let  us  suppose  that  the  planetary  groupings,  as  well  aa  the  velocities 
of  planetary  revolution,  S4>lar  and  planetary  rotation,  and  solar  motion  in 
splice,  are  all  resultants  of  successive  inBuitesimal  impulses,  moving  with 
a  unlfonn  velocity,  and  propftgated  tbrouffh  tbe  medium  of  a  universal 
»ther« 
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If,  in  consequence  of  points  of  inertia,  centripetal  undulations  are  es- 
tablished, resulting  in  a  motion  of  setheresil  particles  around  the  centres 
of  inertia,  and  an  accompanying  impulsion  of  denser  particles  towards 
the  centres,  the  mean  velocity  of  the  circular  motion  would  be  one-half 
as  great  as  that  of  the  originating  impulse,  and  ^  as  great  as  the  mean 
velocity  of  centripetal  impulsion. 

If  a  homogeneous  rotating  globe  were  aggregated  under  such  centri- 
petal impulsion,  the  angular  orbital  velocities  of  all  the  particles  of  the 
globe  would  be  equally  retarded.  Rotation  is,  therefore,  merely  retarded 
revolution,  and  in  endeavoring  to  trace  them  both  to  their  source,  we 
should  compare  them  at  the  point  of  equality. 

We  know  that  the  hypothetical  universal  medium  is  susceptible  of 
undulations,  which  are  propagated  with  the  velocity  of  light.  Therefore 
let— 

V  =  velocity  of  light,  =  2  X  hypothetical  mean  velocity  of  aathereal 

primary  rotation,  the  velocity  communicable  by  the  infinitesi- 
mal impulses  varying  between  0  and  V^. 

_-    ^^  —  X  —    =  nican  velocity  of  a  perpetual  radial  oscillation,  syn- 

7C  TT  2 

chronous  with  a  circular  orbital  oscillation  having  a  velocity 

X        "2  ■ 

V  =  II  —  velocity  of  planetary  revolution  at  the  Sun*s  equator,  under 

the  volume  due  to  internal  work. 

--,,  _  _    =  velocity  of  solar  equatorial  rotation,  under  the  volume  due 
^'   —  T.n^ 

to  internal  woik,  ==  mean  velocity  of  an  oscillation  through 
Jupiter's  radius  vector  synchronous  with  Jupiter's  revolution 
around  the  Sun ;  Sun  and  Jupiter  being  regarded  as  constitu- 
ting a  binary  Star. 

\"i  =z  4V"  =  mean  velocity  of  a  perpetual  radial,  or  infinitely  eccen- 
tric oscillation,  synchronous  with  the  revolution  of  the  binary 
Star  around  its  centre  of  gravity  (374335329  seconds)  =  mean 
velocity  of  the  binary  Star  in  space. 
T',T"  =  time  of  revolution,  rotation,  for  V,  V". 
'«  "  ««  Earth. 

'«  "  "  Jupiter. 


t',  t" 

= 

t',  t" 

= 

2Y^ 

2V' 

2V' 


=  equatorial  p,  at  Sun,  Earth,  Jupiter. 


^  =  ratio  of  the  integral  of  infinitesimal  impulses  during  revolution  in 
a  circular  orbit,  ;^^  to  the  integral  of  similar  impulses  during 
fall  from  circumference  to  centre  of  same  orbit 
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if  =  Neptutie's  mean  heliocentric  dlsUnc3,  ia  utiit^  oC  Eartb^'A  mean 
distance. 

f|  =:  Saturn's  mean  distance. 

Tj  =  AjBteroidal  mean  ilUtance,  or  twice  the  mean  distiince  of  Mars. 

Jj  ^  Eattli'ji  secular  mean  perilieVion  dvBtance, 

f  I  ==  Mercury's        **  **  ** 

If  =  Hi^0r  axis  of  Sun* 8  orbit  about  centre  of  gravity  of  binary  Stan 
^* 

1^  =  Heliocentric  distance  of  linear  centre  of  oetnllation  of  secular  mean 

perihelion  centre  of  gravity  of  the  Intmry  8tar. 
The  rttio  of  V  to  V"  wa«  determioed  by  ftuiipoaitig  Sun's  radius  to 

viry  from  r  to  n^n    In  such  case,  V  oc  ^^ ;  V^'  oc    ^^  a* 

In  the  following  table,  A  rept events  the  theoretical  values  of  T"  and 
V*  aa  wtlroated  from  V-?.;    B,  from  Jupiter's  distance  (v"  =  ^^'}t  ^* 

iiifi  observe<i  values.  For  T'\  C  i*  the  mean  of  the  mx  several  efltimaiei 
by  Dianchi  and  Laugier,  Lelambre,  Petersen,  feipurer,  Carriuj^ton,  and 
Fsye.  The  Sun*s  annual  motion  is  niven  in  units  of  Earth^s  radius 
?*ctor,  C  being  9tmv©*H  estimate.  For  V\  A,  B,  C,  are  respcctivtly 
deduced  from  tj  at  Sun,  Earth,  Jnpiter. 

A  B.  C 

fT»,.p, .,,,  220304r»  sec.  21031*07  sec,  nnmm  sec. 

V - 2mM  mu  20L7O  mi.  2Gl.5tl  mi. 

iVX  lyr 1MB  nv,  1.754   r.v.  1.023  nv. 

The  slight  discrepancies  in  these  v lines  seem  to  be  attributabl©  to  the 
moan  orbital  eccentricity  f*f  the  binary  Star^  but  they  are  all  within  the 
limits  of  nneertaiDty  of  observation.  The  heliocentric  distance  of  the 
mean  perihelion  centre  of  gravity  of  the  binai-y  Star,  is  1.0188  X  solar 
mdiits;  Jupiter's  mean  orbital  eccentricity  is  ,W31G. 

The  correapcndenc©  between  the  theoretical  and  observed  values  of  the 

^  series  is  given  below,  in  units  of  Sun's  radius.  It  is  specially  nofelce- 
able  that  the  senes  groups  the  principal  planets  into  pairs.  The  vdlues 
of  the  secular  mean  apsides  are  taken  from  Stock  vveirs  **  Memoir  on  the 
secular  variations  of  the  orbits  of  the  ei^lit  principal  planets/' 

Tln?or«tlcal.  Otaa^rrei], 

Neptune,  mean Um,  77G  {1453.73 1 

Satnm          " S053.  ;M6  2049.514 

Aateroid       " m^.m}  054.700 

Earth,  peiihelion 208.048  207.r,8a 

Hercur>%     '' 00*224  GS,4S3 

Sun,  major  axis 2.136  2.133 

Primary  centre  osctllatioD,tH» , . , .  .070  «07l> 
A*  r,  ».— VOL*  in%  o 
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ON  TlfE   LATENT  HEAT  OF  EXPAXSION    TO    CONNECTION 
WITH  THE  Ll'MINOSITY  OF  METEORS,  ETC. 

By  B.  V.  Mamih. 

{Read  before  the  American  Philonophkal  S&ckty^  March  6^  1674) 

III  1803^  in  a  paper  publlfilied  iu  SiUimau's  Journal  (vol*  xivi.  p  9*2), 
I  attemptciil  to  show  that  the  luminosity  of  meteors  is  pi-obably  due  to 
the  effWota  of  latent  heat. 

An  abstract  of  my  resnlts  was  made  by  the  **  Luminous  Mct«^t»r  ^'  Com- 
mittee of  the  British  Association,  and  published  in  m&4  with  their 
rejM>rt.  The  paper  was  also  favorably  referred  to  by  Haidlnger  ;*  but 
it  eviflently  his  not  hi*eu  accepted  as  furnishing  a  satisfactory  solution 
of  the  problem. 

My  explanation  was  based  upon  the  assumption  that  wbcsn  air  is  heated 
**uiider  a  constant  pressure,**  the  heat  required  to  produce  a  ^ven 
eleraiion  of  temperature,  in  excess  of  that  required  to  produeo  tl»e  »ame 
change  of  temperature  **  under  a  constant  vohime/'  remains  latent  hi  the 
expanded  air.  But  according  to  the  dynamical  theory  of  Ifceat,  the  moat 
i>f  this  excess  is  employed  in  lifting  the  weiglit  of  the  atmo sphere  *  a 
glance,  however,  at  the  labular  statement  in  niy  papeis  shows  tlnit  a  very 
small  fraction  only  of  this  exces«i  is  actually  required  to  prodm.'e  all  the 
t'ffecU  which  I  attributed  to  it.  Hence,  although  '*  latent  heat  of 
expansion ''  seems  to  he  generally  ignored,  I  have  alwaya — in  view  of 
the  remarkable  correspondence  of  the  observed  phenomena  with  what 
niigiit  be  expeetycd  to  uecur,  supposing  my  explanation  to  be  correct — 
felt  an  aJ»Huranee  that  it  must  have  *iome  foundation  in  trutlu  The  flre- 
balls  of  Det'cmVier  24th  and  January  2d  having  prompted  me  to  re  examine 
the  question,  I  find  this  impression  strongly  coutirnicd,  and  therefore 
ventuic  again  to  call  attention  to  the  suhject,  hoping  to  make  it  apjiear 
piobahki  not  only  that  ^* latent  beat  of  expansion  "  i*  a  reality,  hut  that 
it  plays  a  leading  part  in  all  the  luminous  phenomena  of  tlie  npj^er 
.  regions  of  the  atmosphere. 

.Tyndall,  in  liis  ti^eatise  on  **  Heat  as  a  Mode  of  Motion  "  iNew  York, 


*  Memolro  filiF  Ii!»  r«tiiMuii»<]it[  eslitvnt  eaire  Ici  Mailei  fllmtilcs,  leu  iH^thkfl*  el  la* 
cuatmf  i1«0  m^r^orUft*;   p^r  M.    11iittltii««r,   Araooi^  tip   l*Acii4l^mJr  — Ilull*itlnn   tit 

inn  tint^ortJitit  tmTfiniw  Imr  III  Phi^iitqtie  du  Qiub*,  puhU^  ca  iJini  (li,  ft)»  *l^»l^ni*  c** 
t?<»tiGbt«J!  |Mir  Ici  nfmi<  il'*fn*o<;iJifj j^  mobiti  i>u  d\iHiimitfiit,  ct  d^ntmtiiphfvt  imm^bUt 
uu  tiahlf.  Lrfi  cimiPomUuiii  |»ut}UcH^i«  pJtr  M,  BrtujumUi  V.  Mursli  diiBi  lo  Jtmmiil 
ftmerlcila  *ln  ProfwiQiir  Sllllm&n  f^nt  gmiKlo  LmpurUMio«  rel«tlT«m«itt  h  V^ximAJim  d« 
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18^  p.  ai),  says  :  '^  Let  C  bo  a  Gyliudrical  vesseV  witli  a  hme  one  square 
foot  in  area.  L«fc  P  P  mark  ibe  upper  surface  of 
a  cubic  foot  of  air  at  a  temperature  of  33-  F. 
The  height  A  P  will  then  be  a  foot.  Let  the  air 
be  heated  till  the  volume  is  doubled.  To  efteet 
thit  it  must,  as  before  eitplained,  bo  raised  4D0^  F. 
in  temperature,  and,  when  cicpanded,  its  upper 
surface  will  stand  at  P^  P^  one  foot  above  its 
initial  p^^«ition.  But  in  rising  from  P  P  to  F  P', 
it  has  forced  hack  the  atmosphere,  which  axerta 
a  iiri>&aune  of  1.1  lbs,  on  every  square  inch  of  its 
upper  surfiiee  ;  in  other  words,  it  has  lifted  a 
pi  p,    weight  of  144   <  15  =  2,100  lbs.  to  a  height  of 

one  foot. 

The  capacity  for  heat  of  the  air  thus  expanding 
is  0i24  ;  water  be  log  unity.  The  weight  of  our 
cubic  foot  of  air  in  L20  oz.,  hence  the  quantity 
of  heat  required  to  raise  L2fl  oz,  of  air  41)0^  F* 
would  rai«e  a  little  Um  thau  one  fourth  of  that 
weight  of  water  4ft LK.  The  exact  quantity  of 
water  equivalent  to  our  1'29  ok.  of  air  ii*  L3P  >: 
0,34  =  0.31  oz.  But  0.31  oz.  of  water  heated  to 
4110^  is  equal  to  152  oz,»  or  i>J  lbs  heated  1'-* 
Thus  the  heat  imparted  to  our  cubic  foot  of  air, 
in  order  to  double  its  volume  and  enable  it  to  lift  a  weight  of  2,105  lbs, 
one  fotit  high,  would  be  eouipetent  to  raise  S*|  lbs,  of  water  one  degree  in 
teni|K^rature. 

The  iklv  has  been  heated  undgr  a  e&miaM  prenture^  and  we  have  learned 
that  the  quantity  of  heat  necessary  to  raise  the  tenaperature  of  a  gaa 
under  constant  pressure  a  certain  number  of  degrees,  is  to  that  required  to 
raise  th*^  gas  to  the  same  temperature  irh£n  itit  ^<yluim  i«  kept  comtanl^ 
in  propurtiotiof  1.42 : 1;  hence  wo  have  the  statement  1.43 :  1=0,5  lbs.  ;fi,7 
Iba.,  which  shows  that  the  quantity  of  heat  necessary  to  augment  the 
ieiiiperature  of  one  cubic  foot  of  air,  at  a  constant  vohime,  AW^^  would 
heat  ^,7  Ihs.  of  water  one  degree. 

Deducting  (i7  lbs,  from  0.5  lbs,,  we  lind  that  the  axce^  of  beat  im- 
{varied  to  tiie  air»  ui  the  case  when  it  is  permitted  to  expand,  is  com- 
petent to  rtiiKc  2,??  Ibsp  of  water  one  degree  in  temperature. 

As  explained  already,  this  excess  is  employed  to  lift  the  weight  of 
%\m  lbs.  one  f*iot  high*  Dividing  2/1(10  lli«,  by  2.8,  we  find  that  a 
quauttty  of  heat  sulhcient  to  raise  one  pound  of  water  one  degree  F,  in 
temperature,  is  competent  to  raise  a  weight  of  771.4  Iba.  a  foot  high. 

Tbb  method  of  calculating  the  mechanical  equivalent  of  heat  wa^ 
folio wt>d  by  Dr.  flayer,  a  physician  of  HeilbroD,  Germany,  in  the  sprJr  g 
of  1842,^* 
Now,  since  equal  additions  of  heatmoke  equal  additiotu  of  volume,  this 
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process  of  hofhtiDg  and  expanding  might  be  continued  Indoflnitely,  with 
like  results.  That  is  to  say,  P^  P^  P\  &c.,  being  ftt  intervals  of  one 
foot,  the  upper  surface  of  the  air  will  stand  at  P^  when  the  temperature 
baa  risen  twice  490^  ;  at  F*  when  it  hae  risen  tl»roe  times  490-'  F,,  arid  so 
on ;  one  volume  being  added  for  each  rise  of  4M-  in  temperature,  and 
the  expenditure  of  beat  being  the  same  for  each. 

If  we  take  for  our  unit,  tbe  heat  required  to  raiae  the  temperature  of 
ane  volume  of  air  1^  under  constant  volume,  tlie  total  expenditure  of 
beat  whilst  one  volume  is  added  to  the  bulk,  will  be  490^  y  1*4— 08^^;  and 
the  heat  expended,  in  excess  of  that  required  to  produc<^  the  elevation  of 
temperature  alone,  will  be  68*1- — 400^^=  10^^, 

This  expenditure  ha«  enabled  the  air  to  accomplieli  two  results ;  to  lift 
21G0  Ibi.  one  foot  bigh,  and  to  fill  an  additi^^ual  volume.  Pro!.  Tjndall 
aeaumes  tbat  tbe  spiice-lilling  was  accomplished  without  the  expenditure 
of  any  force  whatever^  and  that  the  whole  IW'-^  were  employed  in  lifting 
the  weight-  But,  inasmuch  as  this  may  be  considered  an  open  que&tiou, 
we  will  take  x  to  represent  tbe  beat,  if  any,  employed  in  producing  and 
maintaining  the  change  of  bulk  ;  that  is  to  aay»  tbe  "latent  beat  of  ex* 
pausion  ;"  and  proceed  to  consider  what  must  bo  the  reUtion  of  latent 
beat  to  volume,  independently  of  any  particular  value  of  x* 

Binoe  both  tbe  expenditure  of  heat,  and  the  weight  lifted,  are  precisely] 
tbe  same,  during  the  addition  of  each  volume,  the  remainder,— repre- 
sented by  X — must  also  be  the  aame.     Hence,  when  one  volume  baa  ©ic- 
panded  so  eb  to  illl 

2  vols. — thes«  contain  x  degrees  of  latent  beat»  tbe  No*  in  each  being   |x 

3  **  **  2x         **  **  **  ••        l%\ 

100    "  •*         nx        **  ••  **  *'    lYoatJ 

and  so  Qn« 

Whence  it  appears  tbat  tbe  less  the  density  of  the  air,  the  greater  will 
be  the  amount  of  latent  beat,  in  a  given  volume  ;  although*  for  air  of 
considerable  rarity^  the  change  is  so  slight  that  the  latent  beat  per 
volume  may  be  considered  as  sensibly  constant.  We  have  treated  only 
of  the  heat  rendered  latent  during  the  expansion  of  air  of  standard 
density,  which  must  already  contain  lat^snt  heat.  If,  however,  we  start 
from  the  liquid  condition  of  air,  a  similar  train  of  reas<>ning  leads  tn  the  I 
conclusion,  that  the  total  amount  of  latent  heat  fier  volume  is  absolutely 
tbe  same  for  air  of  all  densities.  It  must  also  be  the  same  for  all  tempem^ 
tnres.  For  if*  when  the  surface  of  tbe  air  is  at  P'  we  suppose  the  top  of 
tbe  vessel  to  be  prevented  from  moving,  and  Uic  whole  to  be  cooled  down 
until  the  temperature  of  tlie  air  re  turn  p  to  32* --^be  specific  beat  under 
constant  volume  being  the  same  for  alt  temperatures— tbe  heat  given  out  , 
during  each  degrt^u  of  cooling  will  b©  the  same  ;  bt  lug  exactly  equiil  to  I 
that  which,  under  constaDt  vulunns  would  be  required  to  raise  the  lent- 
perature  one  degree,     Uonsequcutly,  the  latent  beat  mng^t  remain  un* 
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^ged  daring  the  proc%fig.  la  other  word%  the  latent  best  ii  ixide- 
pen^ent  of  t-emperatyrfl,  and  is  tUerefore  tbe  same  per  volume  for  air  of 
Anj  given  density,  whatever  may  he  it«  temperature  or  previous  history. 

Hence,  as  this  heat  repreaeutA  the  force  which  is  enophsyed  in  raain- 
tainiug  the  volnuie  of  the  air,  and  as  its  amount  depends  upon  the  volume 
alone^  it  may  pcrhiipiif  more  properly  be  termed  the  "latent  heat  of 
?ohmie  *'— or  biietly,  the  '"  roltime  h^at  *'  of  air. 

It  u  evident  that  we  may  readily  determine,  in  terms  of  x,  the  amount 
«*f  latent  heat  (in  exceBS  of  that  rendered  latent  between  the  liquid  condi- 
tion and  the  standard  pressure)  conUined  in  a  given  volume,  or  in  a  given 
weight,  of  the  atirmsphere  at  any  height.  The  known  law  of  varialion  of 
density  is  such  that  at  tiie  heif^^ht  of  3.4S  miles  the  density  is  half  that 
it  the  level  of  the  flea--<it  twice  that  height,  l^at  three  timeSj  ^,  and  80 
on— tbe  dengity  diminishing  in  a  geometric,  as  the  height  increaies  in  an 
uithmetie  ratio.  Whence  we  see  that  one  volume  at  sea-level,  at  tJie 
height  of 

:H3  njiles  becomes  3  toIs, — eontaining  x  deg*  of  latent  heat  tbe  No. 

in  eaoh  voL  being  ix 

14  jd^ji      tt  in  i*.  a^ 

u        7i    '*  "  ''         ix 

'*  10S8K  *'  **  *•  im^ 

**  l,048,575x  ** 


4     ** 

1024     " 

1,O4H,,jT0 


l.O+S.tTfl 
1 ,018*  ATS* 


I 


8.841 
10.20 
MM 

mM 

khd  so  on. 

The  volume,  and  consequently  the  latent  heat,  of  a  given  weight  of  air 
bt?ing  doubled  by  each  addition  of  H.4S  miles  to  the  height,  it  is  evident 
each  molecule  of  air,  near  the  upper  limits  of  the  atmoHpJierep  has, 
lated  with  it,  an  enormous  amount  of  latent  heat.  But  this  need 
not  e3tt?ite  great  surprise  :  for  when  wo  consider  that  ^  of  a  grain  of  air  at 
tbe  surface  of  the  earth  occupies  only  one  cubic  inch,  whilst  at  the  height 
of  one  hundi-ed  nulosthe  same  occupies  one  thousand  millions  of  cubic 
ificbea,  every  part  filled  completely  and  equably,  each  molecule  Ixnng  held 
in  its  place  at  a  certain  definite  distance  from  its  fellows,  we  uaunot 
doubt  that  it  has  abundant  use  for  all  its  stores  of  energy,  in  constructing 
and  maintaining  the  framework  of  this  vas£  edifice  \  unless,  indeed,  we 
conclude  that  spaco-fiUing  is  a  kind  of  work  which — unlike  every  other — 
does  itself, 

W©  may  form  some  idea  of  the  value  of  x,  by  comparing  the  heat  ex- 
pended with  the  work  done^  in  the  experiment  already  quoted  from  Tyn^ 
dalL  He  shows  that  the  expediture  of  heat,  in  excess  of  that  required 
to  raise  the  temperature  under  constant  volume,  is  competent  to  raise  l^ 
the  temperature  of  2.H  lbs.  of  water.  If  we  take  772  foot-pounds  as  the 
mechanical  equivalent,  the  same  would  bo  comi)etent  to  raise  2.8  >  773 
=  3101.(1  lbs,  one  foot  high,  showing  an  eacess  of  tjl  lbs,  over  the  weight 
actually  lifted.  The  amount  of  heat  applicable  to  the  work  of  expan- 
sion or  spaoe-^ting,  for  this  ^aJne  of  the  equivalent,  it  therefore  very 
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»ma.1l.     But  thera  is  some  eyidance  in  favor  of  ^  larger  yalae  qT  Jotil©*a 
equivalent,  and,  eon^fiuently,  in  favor  tif  a  larger  value  of  x* 

In  his  final  paper,*  Joulo  unuouuoe»  the  following  reaulls  frodi  hia 
ezperimenlA : 
From  Ifit  Series^  iMMistiitiiig  of  40  ex  peri  men  ta  from  fnction  oT 

wttter^  vaiue  of  equivalent.  772* 69S 
773,814 

775.ava 

**  77fi,fl4% 

*»  773.»:*0 


^ 

**  mercury 

30 

il                    it 

10 

'*  cast-iron 

in 

ti             li 

Whence  we  sea  tliat  the  mean  result  from  the  whole  110  ejc- 
porimentB  waa  ...*,..,*,,..,...,...,*,.».*..,..,,.,, 


l^.mi 


Joule  addfl,  "  I  consider  that  772, 692^  the  ©qui rale nt  derived  from  the 
friction  of  water,  is  the  tnoat  correct,  both  on  account  of  the  number  of 
eicperiineuta  tried,  and  the  great  capaotty  of  the  appnt^atua  for  heat ;  and 
aiace>  even  in  tlie  fricbion  of  fluidS|  it  was  impossible  entirely  to 
avoid  vibration,  and  the  prtMluction  of  a  slight  sound,  it  is  probabk  that 
the  above  imoibejr  is  flligbtly  in  excess  ;*'  ami  be  concludes  by  adopting 
772  as  the  moat  probable  value. 

Now,  inasmuch  as,  in  the  case  of  cast-iron^  he  had  made  ao  experimental 
determination  of  Uie  heat  expended  in  the  production  of  sound,  and  had 
allowttd  for  it ;  and  since  no  further  explanation  ia  given,  we  must  look 
upon  his  final  conclusion  at  baaed  upon  the  40  experiments  with  water 
alone ;  the  fractional  part  being  rejected  in  cousideration  of  probable 
loas  from  the  noise  produced  in  that  series  of  experiments. 

Although  Joule  thus  ignoi^d  nearly  two-thirds  of  a  series  of  expori* 
meuti,  all  of  which  had  bedn  conducted  with  equal  care,  and  ea*!b  of  which 
would  therefore  seem  to  be  entitled  to  some  weight,  he  placed  their  resulla 
upon  record ;  and  we  may  certainly  be  permitted  to  inquire  what  eonae* 
quonces  would  have  followed  the  adoption  of  the  purely  experimental 
value  which  the  whole  series  indicated— 773, S5 7, 

Adopting  this  as  the  mechanical  equivalent  of  heat^  we  find  the  force 
com  pete  til  to  lift  2,S  x  773.857  ^  216«.8  lbs.  one  foot.  But  the  weight 
actually  lifted  waa  3100,0  lbs,  one  foot.  Hence,  a  force  competent  to  lift 
(1.8  lbs,  one  foot  has  become  latent,  having  been  employed  in  prodncing 
and  maintaining  the  expansion  {  but,  inasmuch  as  the  quantity  of  heat 
necessary  to  augment  the  temperature  of  one  cubic  foot  of  air  (weighing 
L29  OK* )  at  a  constant  volume,  40O'S  would  heat  G. 7  lbs,  of  water  1^,  ft 
would  be  compeieni  to  lift  fJ.7  X  77U.857  ==  5184*8  Iba*  one  foot  high  ; 
whence  wc  have  iho  atatement : 

Focjt-i»ounds*    Foot-pounds. 
m      5184*8        :        6,9        :   t        40(P    :    O.04*2o    =    x,    showing  that 
sufHeient  heat  was  rendered  latent,  to  raise  the  temperature  of  the  whok 
masa  of  air  (1.20  0£,)  at  a  oonstant  volumei  0.(^42  dej^rees, 
•  PbtlofrophteiLl  Tmowotlom  ISfiO. 
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Owing  to  the  tinccrtaittty  as  to  Ih©  exact  ratio  or  the  two  ppeciBc;  lieaf  i* 

of  mir,  and  as  to  the  exact  value  of  the  mecbaiiica!  eqiiivaleut  of  lieat^ 
a&  a^rcurarte  dttermioatioii  of  the  value  of  x  caunot  yet  be  r*'iielieil  ;  l-ut 
»inoe  the  above  value  is  based  upon  the  complete  series  (>f  expeiimeDU 

tl«  by  Joule  in  t849,  it  must  be  entitled  to  cotisi deration  an  a  fii^l  ap* 

dxitnation,  and  maj  be  used  to  illustrate  the  aciion  of  latent  heat  in 

t^^toduction  of  luminous  phenomena, 

i  we  ar©  here  raetby  tlie  assertion  of  several  standard  writers,  that 
fi^isteiiDO  of  latent  heat  of  expaui^ion  was  positively  disproved  by  a 
tirtaiii  experiiaent  peHonned  by  Joule,  who  announced  in  the  Philos 
»phieal  Magaisino  for  May,  i8t5»  tlmt  *»no  change  of  terpperature  occurs 
when  air  is  alluwcd  to  expsmd  in  Kuch  a  manoer  as  not  to  develop  me- 
cltanieal  power.*' 

Although  the  interprctatitdi  thus  put  upon  Joule's  words  seetua  to  be 
Herfoirtly  natuml  and  legitimate,  an  eatatnlnation  of  the  ineinoir  in 
which  hede&rribes  h'u  experiments,  sind  aunouncesi  this  codcIuUou,  ecenih 
Uy  Hh«iw  that  he  did  not  iiiUmd  them  to  be  su  interpreted. 

Pfof,  Balfour  St43wart»  in  his  **TriMuise  on  IK^at  *'  (1H71,  p*  :il7)  sayji : 
*^Hany  faoailiar  experiments  shiiw  that  when  a  gas  is  suddenly  com- 
prti^t^d^  there  is  a  production  of  heat,  and  that  when  suddenly  expanded 
I  here  ts  an  absorption  of  heat, 

8<*;iuin  and  Jiayer  had  already  suggeeted  the  use  of  gases  and  vapois 
for  the  purpose  of  determining;  the  mechanical  equivalent  of  heat ;  and 
air,  the  sitbwtaaee  chose u  by  Majer,  wa«  no  doubt  very  jjood  for  such  a 
purpose ;  nevertheless,  the  suggest  ion*  of  these  philosophers  do  not  seem 
lo  JiavD  been  accompanied  with  a  clear  appreciation  of  all  the  data 
DCH.'eftsary  to  a  complete  proof. 

Joukv  however,  in  his  exfierimentSr  supplied  what  was  wanting  in 
order  to  derive  a  good  determination  of  the  niechaiiical  equi  ^  aleut  of  heat 
from  the  knowu  gaseous  laws.  By  compressing  air  forcibly  into  a  re- 
ceiver surrounded  by  water  he  found  that  the  water  was  cnnsiilerably 
heateiU  It  is  not,  however,  eoi'rect  to  infer  without  further  experiment 
that  th»  amount  of  heat  produced  in  this  case  la  the  exact  equivalent  of 
the  eneryfy  expended  in  compressing  the  air*  A  familial r  initaiie©  will 
uialce  this  cJear.  By  a  blow  of  a  hammer  upou  a  small  quantity  of  fulmi-* 
natiiig  merctiry,  it  is  exploded,  and  produi^es  a  consideiahle  amount  of 
iRiated  ^ji^r  but  we  are  not  at  lil>erty  to  suppose  that  all  the  hent  thus 
develojjed  is  merely  the  mechanical  equivalent  iif  the  energy  <»f  thtj  blow, 
as  will  he  evident  by  supposing  such  an  extreme  case  as  a  ton  of  fuhnina- 
ting  ptm  d*»r. 

Evidently  the  sttbstance  is  in  a  different  molecular  condition  at  the  end 
of  the  iixperimcntand  at  the  beginning,  and  it  miy  be  supposed  with 
mtn'h  truth  that  the  heat  produced  is  nearly  all  due  to  the  conversion 
tntiJ  a  kinetic  form  of  a  certainpotential  energy  present  in  the  com  pound. 
Kow  in  the  experiment  abore  described,  in  which  air  is  compressed,  the 
air  is  evidently  in  a  different  moleoatar  condition  after  comprei^sioUi  fur 
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the  pariioles  are  much  nearer  together.     The  fii-st  thing,  therefore,  is  to 
determine  how  inuch,  if  any,  of  the  heat  produced  iivay  he  due  to  this  , 
change  of  the  molecular  ondition  of  the  air^  and  bow  much  to  the  work  I 
(expended  in  compitssiug  tlje  air, 

Tho  following  very  ingenious  experiment  performed  by  Joule  ia  con- 
clusive in  showing  that  the  irtere  change  of  dlBtance  of  the  molecules 
of  a  (permanent  gas  ueither  produoea  nor  absorhs  heat  to  an  apprecia- 
ble extent.  In  the  figure,  we  have  two  strong  veasels,  of  which  A 
contains  compressed  air^  f^y  under  the  pressure  of  20  atmospheres  ;  B, 
on  the  other  haud^  is  a  vacuum.  The  two  vessels  are  connected  with  each 
other  by  a  tub©  having  a  stop-cocV,  which  we  may  suppoeie  to  be  fthut.  j 
The  whole  a]»parattt8  is  plunged  Into  a  vessel  of  water.  After  the  tern-  ] 
perature  of  the  wafer  has  been  very  aecumttdy  ascertttliied,  open  the 
fttop-cockf  atid  tUuA  allow  both  vessels  to  hare  the  same  presaure. 


When  the  experiment  is  finished  it  will  he  found  that  there  is  no  change 
in  the  temperature  of  the  water.  The  prevalent  idea  Is  that  when  air 
.  expands  it  becomes  colder^  and  that  when  eoudenaed  it  becomes  hotter ; 
but  Joule^  by  this  experiment,  has  shown  that  no  appreciable  change  of 
temperature  oceurs  when  air  ia  allowed  to  expand  in  auch  a  manner  as 
not  to  develop  raeohanieaJ  power/' 

Fr*»f.  Tyndall  i  *'  Heat  considerodaja  Mode  of  Motion"--18li3,  p,  8$,)  in 
vntroducinjf  this  experimentt  saya  :  "  la  it  not  poasible  to  allow  a  gas  to  i 
expand^  without  performing  work?  This  question  is  answertd  by  the 
following  important  experiment,  which  was  first  made  by  Gay^Lussac,'* 
And,  after  descnhing  it,  he  siiys  **  We  are  taught  by  this  experlmerit  that 
mere  rarefaction  is  not  of  it*=Glf  suiBcient  to  produce  a  loweriug  of  the 
mean  temperature  of  a  mass  ut  air.  It  was,  and  is  stilly  a  cut  t^nt  notion, 
that  tiie  mere  expansion  of  a  gaa  produced  refrigeration,  no  matter  how 
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Uiat  expansion  was  elfected.  The  ooldnosa  of  tli6  liigber  atioospheric 
L  fegioiifi  was  njCiX»UDted  for  by  reference  to  the  expaufiion  of  the  air.  It 
thought  that  what  we  have  called  the  **  capacity  for  heaf  wa* 
rgreatei-  in  the  case  of  rare  fled  than  of  unrart  iied  g^«*  But  the  refrij:^ertt- 
llioii  which  accompanies  expaimon  w,  m  reality,  due  to  the  consumption 
Wheat  in  the  performance  of  work  hy  the  expanding  gas*  Where  no 
irork  \s  performed  there  is  no  absolute  rerrigeration/* 

A  siiflSeient  answer  to  both  these  would  seem  to  be  found  in  the  fact 

ihat  the  ^*  vacuum''  spoken  of  is  stated  by  Joule  to  have  been  obtained 

by  moans  of  ao  air  ptimp  :  whence  it  appears  that  both  vessels  were  jf^^^d 

[^•iUi  air  ;  that  ia  the  e^diauated  reeeiv^er  having  already,  during  the  pro- 

lof  exhatifitionT  abiorbed  and  rendered  latent,  all  t be  heat  neoeBsary 

for  ii4  expanj^lon  ;  and  since  we  have  already  seen  that  the  amount  of 

f'Uieiit  heat  in  a  given  volume  of  air  is  almost  entirely   independent  of 

densityf  we  have  no  reason  to  look  for  any  loss  or  gain  of  latent  heat  by 

the  operation.     The  mixing  of  the  two  is  quite  as  much  a  process  of  eon* 

Sensation  as  of  i^refaetion  ;  in  one  speceiver  the  air  in  expanding  ahsoiba 

beat,  whilst  in  the  other  the  air  being  compressed  gives  oitt  tlie  heat  which 

it  hid  absorbed  during  the  prooess  of  exhaustion — the  two  effects  oounter- 

bahincing  each  other.     The  air,  as  a  whole^  just  lilled  the  two  receivers 

&t  iht*  beginning  of  the  experiment^  and  it  lilled  the  same  at  the  end  ; 

^80  that  the  e^Tcctfi  of  expansion  and  of  condensation  were  completely 

ItUminated  :  even  more  ao  than  those  of  mechanical  power,  which  Jonle 

[hid  esjieoiaUy  io  view  when  contriving  this  experiment. 

Whilst  the  above  eeems  to  show  that  this  experiment  proved  nothing 
&s  to  the  existence  or  non-existence  of  latent  heat  of  expansion,  any  one 
who  will  read  Joole's  paper  will  prohably  be  convinced  that  ho  never  in- 
tended to  claim  that  It  did.    He  makes  no  allusion  to  any  such  question  ; 
And  the  limit  whioh  he  gives  of  the  seni^^itiveness  of  his  thermometer 
ihoWB  that  an  amount  of  heat  seventy-live  times  as  ureat  as  tliat  which 
Leoutd  \m  expected  to  he  rendered  latent  by  donbling  the  volume  of  only 
[two   quarts  of  air,  of  any  density,  would  be  required  to  produce  any 
rappteeiable  change  in  the  temperature  of  the  liij  Ihs*  of  water  tli rough 
rwhieh*  he  tells  us,  it  was  distributed.     He  was  dealing  with  mcchanieat 
power,  and  took  cjire  to  have  it  in  ijuantities  h^rge  enough  to  he  traced  ; 
his  aim  seeming  to  be,  to  lolve  the  general  question  of  their  convertibility 
Into  heat,  rather  than  to  determine  whether  the  results  might,  or  mtgbt 
not,  have  been  modified  in  some  degree,  by  latent  heat  or  other  disturbing 
einse. 

These  considerations  seem  to  justiiy  ii«  in  eonclnding  tliat  the  question 
of  the  cxisteuce  of  **  latent  lieat  of  expansion"  has  not  been  experiment- 
ally dijcided  in  the  negative,  and  that  we  may  therefore  proceed  to 
inquire  into  its  applioahility  to  the  explanation  of  meteoric  phenomena,* 

•  Wtwa  til  1)1  [wpcr  Wi«  refill,  I  w»»  uat  awa.r&  of  tlie  lanirBiiga  of  Joule  b]ni»«lfoo  tlili 

•QblMt,    Pmn  It  uf  tbu  mrtlclo  *'  On  tlio  Thermal  F:fr«ct«  of  Flulcts  In  Motion,*'  by  J*  P. 

J(»nl9aiMl  Pf«t   V¥,  Tliotndon,  i Transactions  of  the  Koysl  Si)c|e1y,  Ubi^  voLl44p.a3T) 

ipttkllngol  the**  RalatloDi  ttotweoD  tha  Heal ericrhod  anil  ihe  Work  §p«nt  Iti  Co[npr«iflIii|f 
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asing  llie  above  valao  of  i.  But,  the  liirairiosity  of  meteors  is  usually 
Attributed  to  atmospheric  resiistauce.  Khkwood,  in  his  Meteoric  Aittro-  \ 
nonjjr  i Philadelphia,  1867,  p.  HI),  sitys  :  "Several  hundred  detoimting 
meteors  hfive  t>een  observed,  and  their  average  height  at  the  iii^t^ut  of 
their  iirfit  appearance  hfta  been  fouud  to  vstceed  90  miles.  Tiie  (^reat 
meteor  of  Fobruiiry  lid,  18riO,  seen  at  Brudsela*  Uoneva,  Paris,  and  else- 
wLero,  was  130  miles  high  wheu  lirst  seen*  atid  ft  few  apparently  well 
authenticated  iostivncea  arc  known  of  a  still  greater  elevation.  We  cou- 
oludef  therefoi^^  from  the  evidence  afforded  by  weteorta  phenomena^ 
tluit  the  height  of  the  atmosphere  is  certainly  not  k^  than  tJllO  raili>rt. 

It  might  he  t^up posed,  however^  ikat  the  resi&Uiice  of  the  iiir  at  such 
altitudes  would  not  develop  a  nutHcient  amonnt  of  heat  to  give  meteorites 
their  brilliaat  appearance*  This  question  lias  been  dtscuiised  by  Joule, 
Thomson,  Haidinger,  and  Reichenbach,  and  may  now  be  regarded  lift 
definitively  settled.  When  the  velocity  of  a  meteorite  is  known*  the 
quantity  of  heat  produced  by  its  motion  through  air  of  a  given  detinity 
ia  readily  determined.  The  temperatui^  actjuired  is  the  eiiuivalent  of  the 
force  with  which  the  atmospbertc  molecules  arc  met  by  the  movit*g  body>  i 
This  IB  about  one  degree  F.  for  a  velocity  of  100  feet  per  secoud,  and  it  fl 
varies  directly  as  the  siiuare  of  the  velocity,  A  velocity,  therefore,  of  ■ 
80  miles  in  a  second  would  produce  a  temperature  of  2,5O0,O(K>-.  The 
weight  of  5,290  cubic  feet  of  air  at  the  earth's  surface  is  about  2,BiW,0^)0 
grain*.  This,  coosecjuently,  is  the  weight  of  a  column  one  mile  in  length, 
and  whoiie  base  or  cross  scctiott  is  one  sciuarc  foot.  The  weight  of  a 
eolunm  of  the  &ame  dijueaKioDK  at  a  heif^ht  of  14il  miles  would  be  about 
w.  aaa  ktjpt  ftt  a  dvtiBUQt  t«ii]perfitur?/'  >n^B,  «*T1its  rfiHiJon  li  not  a  reJjitlon  nf  sliopi?  fl 
mefibnEiLcal  »in{v&l«ao«, ««  wa«  fV]>|»e»«KJ  hjf  M^ytft.  *  *  *  The  Elnt  uttc^mpt  tr>  dtitsriiilna  ^ 
the  r«ljitloii  Ifi  queHilon  fbr  ihfl  ciueof  a^lr  esUbUslmd  nn  nfipruximate  t!i|uiviLlonc?e  with- 
out decttltn^  hmrt  oloim  It  uilght  b«,  m  lh«  dtriHitton  &f  tliQ  Ltl0i?Tep«iicv»  ir  Aiiy.  TliHi  est- 
periment*  *'  On  th©  Gbftoiea  uf  icmperftture  ^iF*xtue«tl  hy  the  Rareriu'iloti  and  i'oiicle*nBii« 
ILoa  of  AlPt*' {^bl[<»iCipti|enL  MagailD««  Maj,  III4A.  ■huweil  ati  a[)|»roxliii»te  u^e«m«»t 
hotvreeD  iho  beat  pvolvc^fl  by  ct>Mprw*ing  air  into  a  jurcsDK  copprr  vpasel  uodvr  water, 
Abd  lliB  hcAt  Kvncrfrted  by  an  e^^uiil  fjtjivmllt4iri»of  work  in  sUrrhig  ii  lUiuid  ;  *iii*l  again 
ootiv't^iredly  ati  approximatfl  compBcuaLlot],  of  the  t^idd  of  expnriAliJti  wheti  air  lit  ejimiidlng 
ipeni  all  Lit  work  In  fttirrtn^  tta  own  tooM,  hf  rushing  through  the  liiTfow  pn«MigQ  ot  a 
aUgbtl^  opened  stuji-Qoeli*" 

Whilst  tbie  Umguagti  ruJJy  ootiflrma  my  IntcrpfL-tjitlon  of  JouEc'i  ijjjjnf^mctit,  tho 
iafiTrojieo  drawD  by  tbe  autbura  from  ibi'lir  iiUb««t|iiL*iit  exjj<>rluii>nis  upttn  iilr  lurc«iL  | 
through  a**iKjrt^u*i  plug/^eompoKsl  of  eomjtrtffiH'^li  cotlon-wotjl  tj.r  ellk,  N  liiL*(jrn|»»tihln 
with  thi}tht>ory  whtoh  I  have  lulvaiie^rl.  They  showed  tlni.  wlmn  air  wm  IsfriMl  thfonKh  ' 
ttieU  w  pXufit  Hi  tdiaparature  wai  loweren,!  -,  and  thai  tbv  <-oMlliniC  «fr«ct  wn»  jfn  j^r 'p^rtLoti 
Ifj  the  dli(«reiiL'e  io  Ihe  [irtfSfure  of  tbt*  aJr,  on  the  rwo  bUtvt  *d  (he  (iIuk;,  F«r  rt;aiioiiB' 
yrfiviuutly  ■tatcd  by  ProL  Thomson,  'Triinjii<<tioniii>(  tin*  Kn^yat  Sw^ti?ty  of  Edlfitiurffb, 
voU  xx>t  IMl)  they  a9Bun»e4l  lh«t  ihla  ei)u)]ii|j^  « fleet  reprehTite^i  the  amount  or  bt^at 
T«iirI«;T^  latent  hy  eziianxlnn ;  and  bunco  cod  eluded  ihut  ihir,  aim,  Vftrlod  dtraelly  af 
Ihe  dittorcnpa  of  prMBiiro, 

It  \*,  luiwuvar^  by  tm  ineaoa  i«lf.evld«Dt,  ih*t  the  tnacbanical  tnargjr  or  lb*  €Jond#iw6d  1 
t,\t  would  be  nxaelly  tiiilanceil-^neJitber  more  norlwiit— by  thtt  work  iMitJ  In  »*cT«j((iln|;  | 
lh«  fr  lei  J  on  of  the  plu^^  and  thaa  w^mpleWy  lnolatck  the  eltwii  M  later^t  b(*at  "f  i;V|ian- 
iion  This  Iwinic  ^^uly  a  theoteikal  dudwHloiT^  *  ught  »ji>t  Ut  liftv»  Ihti  w*dght  *tt  tx  dlr«et  1 
re«uli  tn^m  eJiperimenl,  Jtenee^  jwrhMiiiti,  ihi?  omliiialon  id  Tymlitl  nml  of  Stf'warl  i<m 
alludd  tu  It.  If  etandartl  wrltcn  tbua  fiii]  to  rcrognlio  It  at  cundiiilva,  we  max  ^^^  /  j 
eons  Id  er  tlis  lobjeel  ai  itlU  open  Ut  dlpeuiilon. 
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irr.*6nth  or  a  praiti,  Heiiact  tUe  heat  acquired  by  a  mcteorio  inas?j  wbos© 
erd(u»  iK'cliuii  ts  otie  £i]^uAre  foot,  In  tnoving  oue  mile,  would  ho  one  i: mi n 
musd  7i  dcj|ree»,  or  one-tifth  of  o  gmin  0,500^  lo  70  inUeB*  Thit* 
^inpenitnn*  would  undoulit^dly  be  nutBclent  to  render  meteoiic  bfidie» 
Wlianily  ItmiinooB.  ^* 

Tta  ^bove  is  a  very  clear  ttntenienl  of  the  registaoco  theory,  which  is 
tJi«  only  one  which  seems  to  hsive  met  with  general  acpeptiiuoe.  But 
*huii  we  eotmidejT  thM  the  heat  result i»g  from  the  t^ollisioD  of  Ihe  attnos- 
fiheric  molecalea  with  the  surfuce  of  the  meteorite,  being  dev^loijcd  at 
liiBt  sttrfacej  must  he  to  a  great  extent  absmi^ed  by  the  meteorite  :  and 
ttot,  in  tho  cane  iuppoined  above,  a  body  more  than  one  foot  in  dtameter 
liftd  to  travel  seventy  miles,  to  develop  heat  competent  to  raise  one- fifth 
of  agr&in  to  a  temperAture  less  than  Ihat  of  meUiDg  iron,  we  must  con- 
dad*  that,  at  the  height  of  140  milea,  the  reaistJince  theory  uttDily  fails 
U  acconnt  for  any  luminosity  whatever, 

In  order  to  give  some  definite  form  to  tlo  diffcussion  of  the  compara- 
tive t- If  ects  of  resistance  and  of  latent  heat  in  the  production  of  nK'ieorie 
Ittmincistty,  let  ua,  with  Kiikwood,  suppose  a  globular  meteor  of  one 
MtQari)  foot  seel  ion  to  enter  the  atmosphere  with  a  velocity  of  thirty 
tailes  per  second. 

In  travelinfT  one  mile,  it  will  sweep  a  cyliBdrical  space  one  mOe  long 
contnining  o2^n  cubic  feot,  all  the  ttir  in  which  will  be  compre!^ived  to  a 
density  at  least  an  great  as  that  of  air  at  the  surface  of  the  earth,  and  be 
l<flaTic»d  forward  in  frtjut  of  the  meteor*  Wbtm  in  approaehlng  t!ie  earlh 
Miimaer  t^trata  are  readied,  som<t  portion  of  the  air  will  of  course  he 
merely  puihcd  a^tde  and  left  btdtind^  tbt.'  atr  piled  up  in  a  conicul  muss  in 
fiontof  Ibe  meteor,  dividing  the  atmosphere,  jusitt  ss  the  sharp  bow  of  a 
resael  divides  the  water  and  thus  diminishes  the  resistance  ;  but  at  great 
Ueigbt^  if  the  velocity  he  great »  this  effect  may  be  neglected. 

Heat  will  be  developed  at  the  forward  surface  of  the  meteor,  Jir*tiy — 
from  the  rcithtii.nef.  of  the  air,  which  converts  into  heat  a  portion  of  the  Isi* 
netic  energy  or  motive  power  of  the  meteor ;  its  amount»  at  any  given  velo- 
city, defKii>diug  upon  tlie  ireif/hi  of  the  air  met  |  umndl^f — from  the  release 
of  tiste^it  /mtf,  the  amount  of  wliich  depends  only  on  the  hulk  of  the  air  met. 

The  mere  mention  of  the  faet  that  the  heatiJig  jjower  of  **resktance** 
depends  iijMin  the  weight;  and  that  of  ^Matent  heat'^  upon  the  bulk  of 
the  air  encountered^  shows  the  great  advantiige  which  ttie  hitter  has  at 
extreme  heights.  ** Latent  heat'^  is  at  its  maTCimum  at  the  extreme 
upper  iimit  of  the  atmosphere,  where  there  is  no  app^-eciable  weight  of 
air  ^>  absorb  the  heat  develc>|>ed  at  the  f  urfaoe  of  the  meteor.  Its  whole 
energies  are  therefore  expended  on  the  meteor^  the  surface  layer  of  which 
may  be  so  heaU-d  as  to  cause  it  to  burst  out  in  full  splendor  very  soon 
after  entering  the  atmosphere^  and  at  a  height  where  the  weight  of  air 
encountered  is  so  inliuitesimally  small  that  Ibe  effeetfl  of  "resistance** 
are  not  perceptible  :  but  no  lumiuosity  can  be  expected  from  either  source 
until  the  heat  developed  is  sufficient  to  produce  incandeseence,  both  in 
Um  surface  layer  of  the  meteor,  and  in  its  atmospheric  envelope. 
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The  comparative,  as  well  as  the  absolute  effects  of  "resistance**  and 
of  ''latent  heat**  are  illustrated  in  the  accompanying  tabular  statement ; 
from  which  we  see  that  at  the  height  of  103  miles,  the  latent  heat  is  suffi- 
cient to  raise  the  temperature  of  all  the  air  met,  six  hundred  millions^ 
of  degrees  ;  at  sixty-eight  miles,  six  hundred  thousand  degrees ;  at  fifty- 
one  miles,  twenty  thousand  degrees ;  at  thirty-four  miles,  six  hundred 
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1915086 
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154.35 
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jU 
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3lAlf 

Explanation : — M  =  mass  of  air.  v  =  velocity  of  meteor  in  feet, 

m  =  3.43.  nm  =  height  in  miles. 

w  =  number  of  grains  of  air  in  5,280  cubic  feet  at  level 

of  the  sea  =  2,983,000. 
X  =  heat  rendered  latent  by  each  addition  of  1  vol. 
=  a6420  Fahr. 
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degrees  {about  the  tempei^ture  of  meltiDg  lead) ;  wbllat  at  the  height  of 
seyent^en  mUm,  the  whole  of  the  latent  heat  would  be  required  to  ruiee 
the  terapefutiue  of  the  air  only  twenty  degrees.  From  this  it  Is  eTident 
tbai  ''latent  lieaf'  fails  entirely  as  a  source  of  luminosity  at  all  helghtj 
btlow  forty  miles.  On  the  other  hand,  whilst  at  great  heights  the  efleci 
vt  **  resistance  "  is  iiisrgniiicaiit  and  altogether  inadequate  to  the  pro- 
duction of  any  splendor,  its  power  at  the  height  of  forty,  or  even  of  fifty 
fDllen,  «eems  almost  ualimi ted,  '* Latent  heat'''  and  ^^ resistance  **  to- 
gether cover  the  whole  field.  Luminosity  from  "resistance*'  would 
eoEumence  at  a  height  of  eighty-five  miles,  more  or  less,  according  to 
velcHiity,  and  would  increase  rapidly  with  dtcreau  of  heigh t,  so  that  at 
the  height  of  thirty-four  miles  it  would  be  more  than  thirty  thousand 
time*  afi  great  as  at  eighty-five  miles ;  whilst  **  latent  heat  '*  would  c^ms© 
the  meteor  to  burst  out  in  full  splendor  an  soon  as  it  had  penetrated  the 
atmosphere  far  enough  to  develoji  an  amount  of  heat  competent  to  vapor- 
ise ita  outer  layer  i  and  to  disappear  eutlrely,  at  a  height  of  more  than 
forty  miles* 

Ft  is  a  signifleant  fact,  that  ^^yj  few  meteors  have  been  known  to  re- 
tlieir  luminosity  below  that  point*  Indeed,  whilst  some  of  the 
obfi^rved  phenomena  are  such  that  **  resistance**  alone  eannot  afford  any 
i'Xplanation  whatever,  they  are  all  in  i>erl'ect  accord  with  the  require- 
ments of  the  •*  latent  heat^-  theory.  Hence  we  seem  to  be  justified  in 
concluding  that  *Matent  heat'*  is  the  pritieipal  source  of  meteoric  lu- 
minosily* 

The  second  column  in  the  table  gives  the  heating  jiower  of  a  unit  of 
weight  of  air  at  different  heights  :  showing,  that  one  grain  at  the  height 
of  three  and  a-half  miles,  if  compreEsed  until  its  density  equals  that  of 
»ir  at  the  sea-level,  will  give  out  only  enough  heat  to  raise  the  tempera- 
tvire  **f  one  grain  i»f  air  under  ocnistant  volume  about  two-thirds  of  one 
degree  ;  but  that  at  the  height  of  eighty-five  miles  the  heat  given  out  will 

aMce  to  raise  the  temperature  of  one  ijrain  twenty  millions  of  degrees ; 

t  one  hundred  and  thlrty-fteveu  mileSf  seven  hundred  thousand  millions 
of  degrees ;  whilst  at  the  height  of  two  hundred  and  five  miles  the 
juimber  would  exceed  seven  hundred  thousand  millians  of  miUIoni. 

This  implies  a  condition  of  things  somewhat  .similar  to  that  suggested 
by  Mr,  Birks  in  his  chapter  on  the  ^^IgnBoun  condition  &fmaiffr^^^*  when 
he  saysj  **  There  will  thus,  according  to  the  present  theory  of  the  laws  of 
matter,  be  more  truth  than  has  latterly  been  recognissed,  in  the  old 
arrangement  of  the  four  element!^  which  placed  a  fourth  region  of  fire, 
above  the  ^olid,  liquid,  and  gaseous  constituents  of  our  globe.  In  fact 
abore  the  region  where  the  air,  though  greatly  rarefied^  is  still  elastic, 
there  must  he  a  still  higher  stratum  where  elasticity  has  wholly  ceased, 
and  where  the  particles  of  matter,  being  very  widely  separated,  condense 
around  them  the  Urgest  amount  of  ether.     All  sensible  heat,   in  the 

*  On  MftUur  nnrl  Eihtr  of  tbe  Secret  li&ws  of  Pbyatcat  Ubaagv,  by  Tbomfta  Rawioa 
Blrki^  M.  A.f  U»mbrldge,  t  BagUmli  ise2. 
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collittioQ  or  oscillation  of  naigbboritig  atom  a  of  matter^  will  lb  as  have 
disappeared  :  but  lat-ent  heat,  in  tlio  «|uantity  of  condensed  ether  or  re- 
pulsive foi'cc,  T«ady  to  be  dereloped  on  the  renewed  approach  of  the 
atoms,  wiil  have  reached  its  maximum,  and  may  b©  capable  of  producing 
the  most  splendid  igneous  pbenomeua,  Ukc  the  northern  lights  or  tropi- 
cal tliunder  storma*" 

Qnoteletr  in  view  of  the  phenomena  peculiar  to  the  upper  air,  proposed 
to  consider  it  as  a  distinct  3tmo§pherej  and  says*   *'This  upper  atmos- 
phere, favorable  to  the  combust  ion  and  brilliance  of  ahootingstaus  would 
not  ncccBsarily  be  of  the  same  nalure  and  the  Bame  composition,  as  the  , 
lower  iitmoapliere  in  which  we  live." 

Sir  John  Herschel  also  seems  to  recognise  something  not  unlike  what 
I  have  suggested,  when,  in  writing  to  Quetelet  of  jihootiug  stars,  In 
August,  186S,  he  says,f  **  As  to  their  great  elevation  above  the  earth,  it 
leads  us  to  9iiip$ei  the  existence  of  a  kind  of  atmosphere  higlier  up  than 
the  aerial  atmosphere,  lighter,  and,  so  Lo  speak,  more  igfuotis  than  our 
own/' 

Tho  train  of  masoning  which  I  have  Buggested  leads  to  the  conclusion 
that  this  "more  igneous*'  condition  commences  at  a  height  of  forty  or 
llftjr  miles,  and  extends  to  the  utmost  limit  of  the  atmosphere  ;  its  in- 
tensity increasing  with  the  height  in  a  geometric  ratio — the  outer  abeli 
of  air  being  ao  completely  saturated  with  heat,  that,  like  a  sponge  filled 
with  water,  it  i-eapondi  to  the  slightest  pressure.  It  is  evident  tliatf  this 
fiery  envelope  may  prove  a  most  efficient  shield  to  protect  ns  from  the 
effects  of  collision  with  all  sorts  of  fragmentary  missiles  which  the  earth 
may  encounter  in  its  journeys  around  the  sun  ;  and  the  proof  of  its 
efiicieney  is  found  in  the  fact  that  of  the  immense  number  of  meteors 
visible,  only  a  very  few  have  been  known  to  reach  the  earth* 

Fortunately,  the  enormous  velocity — vastly  exceeding  that  of  the 
swiftest  cannon  bail — with  which  these  missiles  are  hurled  at  ns,  usually 
causes  their  almost  instants neous  destruction. 

Were  they  simply  dropped  from  j  or  i  of  the  height,  falling  with  the 
velocity  duo  to  the  earth's  attraction  only,  it  is  probable  that  every  one  of 
any  appreciable  weight,  would  reach  the  earth.  Without  this  pioteeting 
envelope,  we  might  well  dread  the  effects  of  such  a  bombanlment  a*  was 
witnessed  in  Italy  on  the  27th  November,  187;i,  when  we  encountered 
flomc  of  the  debris  of  Biela's  Comet,  and  when  the  nnmbt'r  of  meteors 
seen  by  the  Italian  Asti'onomers  in  the  course  of  a  few  hours  was  ostiJiia- 
ted  by  them  at  near  forty  thousand. 

The  fact  seems  to  be,  that  tJie  planetary  velot-ity  with  which  a  met«or 
enters  our  atmosphere,  soon  causes  it  to  develop^  l>y  compresAjng  the  air 
before  it— heat  sufhcient  to  vaporize  its  surface  tay^r^  and,  t*i  oummuni- 
oate  to  it  the  mast  dazzling  brightness.     Time  not  being  aUoweJ  for  the 

•Meioors,  AorcjlHet,  Storms  mnd  AliDOfpberlf!  PbBOCuneiia,  From  IHb  Frtocli  of 
Zdroliiir  ttuJ  M&rgalle,  by  Wm.  Lackland.    H«w  Yarfc,  ilTi>,  p.  339« 

fBatktlai  ofthft  Roya-1  Ai?«demy  of  Braueli,  vol.  XVI.*  p*  S30, 
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ftt  to  4lUtnlHii©  itself  through  the  body  of  the  meteor,  iho  wUolu  ol  iti* 
el  is  con  ft  tied  to  the  surface  ;  extremely  thin  lujers  of  wJach  are,  in 
fuooi»6iQn,  heiatei.!,  rendered  iDtenfiely  iitcandesoentt  and  vaporised,  liaw- 

trer  reftuctory  I  he  material* 
The  black  **crvist,'' of  the  thickness  of  letter  p^per,  with  which  tho 
oy  meteorites  are  eoaled,  shows  the  limits  for  any  one  instant,  of  the 
llmg  procdSi  ;  and  the  fact,  thfit  beneath  the  crust  ther^  h  no  trace  of 
on  of  lire^  is  pnxd;  both  of  the  extreme  inten«tty  of  the  heat,  and 
Intirely  sui>©rticial  distribution, 
her  disintojifriftting  process  may,  perhaps,  be  mainly  contiucd  to  the 
Jkr  meteorite B  and  to  the  ordinary  shooting  stars*  which  are  so  com- 
pbt«ly  dissipated  that  no  traoo  of  them  reaches  Uie  earth.  Ahhougli,  iti 
aiij  individuitl  layer,  llio  three  fttntes— solid^  liquid,  and  vapor — exist  al- 
niirtit  at  the  same  instant^  thisy  must  in  reality  succeed  each  other  in  the 
onier  named  ;  so  that  there  muiit  always  be  a  layer  in  which  the  material, 
ulihcmgh  not  melted,  is  so  iutensijly  heated  as  to  exert  an  expansive 
aiergy  tending  to  split  the  mass  into  Jra^ments.  The  amount  of  de- 
crepiitttlon  thus  produced  must,  of  coursej  depend  up*in  the  brittle ne&a 
*nd  oth*»r  pet^uliarities  of  the  meteor*  as  well  as  upon  its  vektcily  and 
u|»aii  the  density  of  the  air  encountered  ;  but  the  effect  must  be  similar 
in  character  to  that  which  takes  phice  when  coal  being  thrown  upon  the 
I  of  a  looomcitivef  minute  fragments  split  off  by  the  sudden  expanalon, 
^carried  up  the  chimney  and  fall  upon  the  car-roof  in  such  numbers 
9S  to  re:nind  |mis angers  of  the  rattle  of  a  shower  of  hail. 

it  i^ari  scarcely  he  >*  up  posed  that  combu'ition  ha^  much  to  do  with  the 
spleador  of  meteors,  i>i^  with  th^ir  destmetion,  since  these  mainly  occur 
at  height*  at  xvhich  there  is  not  air  enough  to  maintain  combustion  to 
any  catisidorable  extent.  Their  disintegration  must  therefore  be  mduly 
ellected  by  heat  alone,  unaided  by  chemical  action. 

FrequenUy,  after  the  disappearance  of  a  meteor  of  extraordinary 
splendor,  a  luminous  train  or  cloud  remains  for  a  few  seconds,  sometimes 
for  seyeral  mlnnteaj  and  in  some  very  rare  instances  they  have  remained 
visihle  for  an  hour  ot  more.  A  remarkable  example  of  this  occurred  on 
llie  Ulh  of  Xoveral^er,  1»^(J8,  when,  i^hortly  fifter  midnight,  a  meteor  ap- 
pearing over  Northeastern  Pennsylvania,  left  a  cloud  which  remained 
viable  to  observers  at  Washington  and  New  Haven  and  at  all  interme- 
diate fKiints,  for  alnnit  tUree-i[narters  of  an  hour.  According  to  Prof. 
Newton, »  th©  ob«er  vat  ion®  indicated  for  this  cloud  *^a  real  diameter  of 
one  milei  and  a  volnme  of  a  dozen  or  a  aeore  of  cubic  mtles/*  and  that 
whilst  visible?  it  raovt^d  about  forty  ndles,  showing  an  average  velocity 
relatively  to  the  earth  of  nearly  a  mile  per  minute.  What  was  its  velocity 
relatively  to  the  air  is  not  Known,  This  cloud  was,  no  doubt,  the  debris 
of  the  meteor,  a  cloud  of  meteoric  dust,  moving  rapidly  through  the  air, 
compretising  the  air  before  it ;  andt  of  course,  if  the  above  views  be  cor- 
rect, developing  he»t  and  light,  just  as,  on  a  grander  scale,  heat  and  light 

•  §UllttiM.ii>  Joflnifci,  Tol.  *:,  p.  im. 
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had  before  beeti  dt*TelO|>t?d  by  the  motion  Qt  tbo  meteor  itaelf.  The 
inleDaity  of  the  ti^^ht  must  ul  cjourse*  diminiMh  with  tlie  losi  of  re^ 
tive  velo«itj,  and  altogether  aeoM  ivIieDever  the  cloud  and  the  air  Ktm 
relatively  at  rest,  or  ne^vrly  so** 

The  moticiii  of  a  meteoric  cloud,  relatively  to  Uio  aIi*,  miy  result  either 
from  its  own  tn omentum,  from  atmospheric  currents,  or  from  the  dlur- 
naX  rotation  of  the  atmosphere,  iu  which  the  mott^ur,  of  course,  liiwl  not 
participated  ;  or  from  aiiy  or  all  of  these  causes  combiiied,  ao  tltat  it 
mubt  in  4^1  moat  all  instances  be  very  considerable. 

The  light  of  the  aurora  may  perh&pa  in  Uk&  manner  be  due  to  latent 
heat;  for  although  rarcilod  air  is  a  very  good  conduetor,  it  probably  o^era 
resistance  to  tlto  pafiaage  of  electric  ctui^nta  sufficient  to  pr^>duoe  a 
momentary  condansatton  i^ulte  competent  to  illuminate  their  patliH. 

It  i»  evident  that  if  the  upper  air  bo  in  the  csondition  suggested,  the 
tmck  oT^vtr^  mechanical  im pulse*  traTersing  it  with  considerable  velocity, 
must  become  luminous. 

Thiis  jgneoui  condition  of  rarefied  air  neoeeaarity  implies  a  defloitc  limit 
to  the  atmospheiie  of  each  member  of  the  solar  system  :  otherwiwj,  meteors 
— being  constantly  subjected  to  the  action  of  latent  h*?at — would  be  lumi- 
nous, not  merely  when  within  one  or  two  huudred  miles  of  the  eattb, 
but  at  all  distances. 

The  depth  of  highly  rareJ^ed  air  which  a  meteor  can  traverse  before 
becoming  lumiuou?*,  mu»t  of  course,  depend  upon  ili*  velocity,  tempera- 
turet  and  comkiccing  power;  but  the  height  at  which  their  luminosity  is 
eeen  to  conimence  mutt  a^ord  sonie  clue  to  the  determination  of  th<> 
height  to  which  tbe  atmoHpbere  extends. 

The  great  comet  of  1843,  when  m  perihelion*  Feb.  27,  passed  within 
sixty  tbouaand  miles  of  the  surface  of  the  sun,  at  a  velocity  of  about  MQ 
mika  per  second,  and  the  next  day  was  »een  **  a*  a  brilUaut  bt^dy  within 
leas  than  two  degrees  of  the  sun/'f 

It  was  not  seen  again  until  about  seven  o* clock  on  the  e veiling  of  ^Earch 
7,  when  although  the  tail  was  a  very  con^pleuou*  olycct',  the  brilHancy  of 
the  nucleus  did  not  exceed  that  of  a  star  of  the  third  mag^nhude, 

Thia  change,  so  much  greattit  than  could  reasonabJy  be  expected  to  re* 
suit  from  increaaed  distance  from  tbe  sun«  oocaaioned  great  surpriiMi,  and 
baa  not  been  aatia&ictorily  Hcoonnted  for. 

Is  it  n<it  poAftible  that  ita  splendor  was  temporanly  increaaed  by  the 
latent  hf*at  deveJo[K?d  during  ita  paasage  through  the  solar  atmosphere  ? 

Thts  great  day4ight  meteor  of  Nov.  l.%  I8r>l»,  waa  ae€»n  at  0  o'clock  in 
the  morning,  in  full  sunshine,  by  tjerwrns  who  weit*  not  within  two 
hundred  and  lifty  miks  of  any  portion  of  ita  jiatb,  appearing  ao  very 
bright  tliat  they  thought  It  close  at  band«    Comparing  the  probable  liiec 

•  Prof.  Nowtun  remftrk*  {Simmtku't  Joarnii,  toL  4t,  ji  ii)7J  **  WUiil  kltwl  qf  mntritr  It 
liwhlcti  nmittln*  vliUiln  In  tU*  miUi  M|ip#r  «lr  fltr  ilir»«.f^«rth»i  c>f  aii  hoar  rtnUI,  by 
gr^iliiAl  dli^il|mtluii,  ib«  U^hi  iitdei  out,  I  leiiT«  furotlisn  tut  my/* 
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of  thm  comet  wiUi  tbat  of  the  meteor,  and  rememberiug  the  prodigious 
Ttloeity  of  the  formerj  may  we  not  well  imagine  that  its  ooUiaion  with 
the  highly  attenu;:ited  dipper  atmosphere  of  the  bhq  might  develop  latent 
hejfct  iiidictent  to  eiiahte  it  to  rival  the  sun  itself  in  splendor  ? 

Although  mnch  of  the  ertdenoe  presented  in  favor  of  the  existence  of 
"Utent  heat  of  expansion/ -  and  of  its  agenoy  in  the  prod«t:tion  of  lumi- 
ttanA  phenomona,  may  he  said  to  be  circamstantial  only, — I  trast  that  it 
will  be  found  sufllcieiitly  cumulattvep  and  accordant  throu|^hont»  to  enti- 
tk  it  to  examination. 

Pat  LJi  DELPHI  A,  March  25tii,  187-L 
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By  Edwabd  D.  Cope,  A.M. 

^00  American  Philomphkal  Soeiet^,  March  20IA,  1874* 

Hie  obaerraiions  r^coi'ded  below  are  based  on  the  collectiooa  made  by 
the  naturalists  attached  to  the  United  States  Geological  and  Topographical 
Biirvey  west  Of  the  ItKJth  meridian,  under  direction  of  Lieutenant  Geo* 
M.  AVheeler,  and  are  publi&hed  by  perm isHion  of  that  officer.  To  Dr* 
Henry  C*  Yarrow,  in  charge  of  the  department  of  zoology^  and  to  A,  W* 
Uctishaw,  ai^istant,  tbe  survey  is  indebted  for  mateiial  more  fully 
iHuAtrating  the  character  and  dijstribntion  of  the  cold  blooded  vertebrata 
of  the  valleys  of  the  Colorado  River  and  of  Utah  than  any  heretofoiie 
brought  together*  Aa  one  of  the  results  derived  from  a  study  of  it,  It 
appeara  that  the  basin  of  tbe  Colorado  Ktver  is  the  habitat  of  a  small 
group  of  flshe*  of  the  family  Cyprinidie,  which  may  be  ctilled  the  Ftag&p' 
lerinift  which  embraces  throe  goneni — Flag&pkrus,  Cope;  L^pidomBd&^ 
Cope;  and  Mtda,  Girard,  The  gr*)up  diflters  from  others  of  the  fatmly  in 
the  poMsession  of  two  strong  osseous  rajs  of  the  dorsal  fin,  the  posterior 
of  which  is  let  into  a  groove  in  the  hinder  face  of  the  anterior  without 
being  eodsflified  with  it,  thus  constituting  a  compound  defensive  spine. 
The  rayt  of  the  ventral  On^  excepting  the  first  and  second,  are  aimilarly 
modified.  The  greater  part  of  their  length  consists  of  an  osseous  dagger- 
shaped  spine>  with  grooved  posterior  edge,  which  overlaps  the  border  of 
the  succeeding  ray^  when  the  Jin,  like  a  fan,  is  closed  up.  The  articulated 
portion  of  the  ray  either  emerges  from  the  groove  below  the  free  acute 
apex  of  the  spine»  or  appears  as  a  continuation  of  the  apex  itself.  It  is 
worth  observing  that  the  only  other  instance  of  thia  oseifLcation  of  the 
ventral  rays  is  to  be  seen  in  the  extinot  family  of  the  SaurodantidcB  of  the 
cretaceous  period,  the  nearest  approach  among  recent  fisiies  being  the 
intenial  spine  In  the  ventral  fin  of  Amphacanihus,  The  dentition  and 
intestine  of  these  fishes  show  them  to  he  of  carnivorous  habits.     Interest 
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attacihes  t&  the  Pht^opUrimf  as  the  odIj  type 
other  water*  than  those  of  the  Colorado  basin. 


of  fiflhefi  not  kuowu  from 


PLAGOPTEKUS,  gen,  w^. 

Pharyngeal  teeth,  2*5—4,2,  faptorial  imcinate,  without  tnasticatory 
^orface.  A  terminal  mamillary  barbel,  Boalea,  none;  lateral  line  well 
ilevelo^ed.  Dorsal  iin  vrith  a  strong  apiDo  composed  of  two,  the  postt^rior 
t§0flg(m^fgii^  a  longitudinal  groove  of  the  antorior.  Ventral  fins  origin- 
Atlfig^  ^a  the  type  species j  a  little  anterior  to  the  line  of  tlie  dorsal^ 
attached  to  tlie  abdonjen  by  a  wide  basis  and  lengtli  of  inner  i^ins. 
Superior  labial  f^ld  continued  round  the  end  of  the  mnjEzle* 

This  genus  rceembles  iftfefo,  Gii'ardt  in  the  prcBeuce  of  the  dorsal  spiiie^ 
the  adliesion  of  the  inner  border  of  the  ventral  fin»  and  the  absence  of 
BcalcM,  and  differs  in  the  presenoe  of  barbels,  and  the  inner  dental  series 
being  5 — I  instead  of  4 — 4.     Physiognomy  of  Rhinichth^t. 

PLAOOFTBBtJS  AUOEHTlSSlMtlB^  Sp.  nov. 

This  is  a  small  fish  of  slender  proportions,  with  a  rather  Viroad  head, 
with  elfgbtly  depressed  mu^szle  overhanging  by  a  little  a  horizontal 
mouth  of  moderate  size.  The  ca tidal  peduucle  is  of  medium  depth,  and 
the  caudal  flu  is  deeply  forked.  The  eye  is  somewhat  oval,  and  enters 
the  length  of  the  i^ide  of  the  head  12  times,  and  the  interorbltal  width 
L5  timei^.  The  greatest  depth  (near  the  ventral  fin)  enters  the  total 
length  nearly  six  times,  or  five  and  throe  iiuaiters,  exclusive  of  the  caudal 
tlu.  The  Ijitter  measuremeut  is  four  times  the  length  of  the  bead.  The 
origin  of  the  dorsal  is  entirely  behind  the  proper  basis  of  the  ventral  ;  its 
(irst  spine  m  curved  and  longer  than  the  second,  and  its  basis  is  inter. 
nvediate  between  the  base  of  the  oandal  and  the  end  of  the  niu^jle*  The 
dorsal  ray^  behind  the  spine  have  the  basal  two-thtrds  to  onc-half^ 
thickened  and  completely  ossified,  the  articulated  portions  isauinj^  ffom 
the  apices  of  the  spines.  Badial  fonnula,  D.  11.  7 ;  C.  19  ;  A,  I  10—9  \ 
W  2.  V  ;  P.  10.  The  fljrst  or  osseous  ray  of  the  anal  is  rudimcntxil ;  the 
tiftb  spinous  ray  of  the  ventral  is  bound  by  nearly  its  entire  lenj^th  to  tht« 
abdomen  by  a  membrane.  The  pectoral  mys  from  the  second  to  the 
six:th  exhibit  a  b^isal  osseous  spinous  portion^  which  is  not  nearly  so 
marked  as  in  the  ventrals.     The  pectorals  reach  the  basis  of  the  latter. 

The  lateral  Une  is  complete  and  is  slightly  de Hexed  opposite  the  dorsal 
fin.  The  lips  are  thin,  and  the  end  of  the  maxillary  bone  extends  U%  the 
line  of  the  front  of  the  orbit*  Total  length  M.  \UM\ ;  ditto  to  middle  of 
basis  fjf  caudal  fin  ,0565  ;  ditto  to  anterior  basis  of  anal  fin  .040  ;  ditto 
to  basis  ventral  .0^1  ;  dttto  of  head  .0145  ;  of  mnzKle  J)04  ;  width  at 
posterior  nai^s  MM  ;  at  middle  of  pterotic  .0078»  Color,  pure  silver  J 
for  a  considerable  width  above  the  lateral  line.  Dorsxd  region  somewhat  J 
dusky  from  minute  chromat*>phonu, 

Nnmerou»  specimens  ftrom  the  San  Luis  Yalley,  Western  Colorado. 
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MEDA,  GiraiiL 
Proceed.  Aoad.  Kat.  8«l,  185(5,  II?3;  tJ.  g,  jwid  Moa[i<*in  Bound*  Swrvey, 

TliSft  genus!  r«sembk"s  PiafjopUr^tM  m  the  absence  of  si;  don,  wbUe  it 
diictH  in  the  ak^uce  of  barbeb  and  t!*e  roduelion  of  the  numlicr  of  fcectU 
wftXm  krger  pharyngeal  »enee  In  4--4.  Giuard  also  asHerts  twice  Uml 
the  doi^fsiil  Kpine  is  '*ttrtiauhited,"  a  charflcter  nut  obsetred  by  me  in  any 
«|iCfiea  of  iiie  K^roup.  lib  iiju'ure  of  .If.  fuh/ida  represenU  th©  v  en  I  nil 
radii  as  articrtlated  :  but  as  there  are  other  point  i  in  which  it  diitWi* 
from  the  daB€ liption^  it  is  probably  itiacc urate. 

%Ikvx  KtJtoiD.v,  Oirafd, 

A  nmM  s|>eoi&a  fruiu  the  Hio  Sao  Pedriv  a  tributary  of  the  QUa,  tu 
Sautlieru  Arizona. 

LEPIDOMEDA,  gen*  urn. 

Dorsal  fin  origmating  behind  the  line  of  the  ventrals^  which  adhere  i*^ 

Iho  belly  by  the  inner  ray.    Body  acaled,  lateral  line  present.  Pharyngeal 

9th  4 — i  in  the  inner  row*     No  barbels,  premaxillary  series  complete. 

FTMs  genus  has  the  physiognomy  of  Clim},H^mu9.     The    pr^rieiiiio  of 

"acales  distinguishes  it  from  Mfda.     The  spinous  niys  are  not  articulattsd. 

LePIDOMEDA  VJTTATAt  Sp.  UOV. 

^F^rui  moderately  stout,  the  greatest  depth  (at  the  first  dorsal  rayi 
tersng  th^  length  to  the  basis  of  the  eiudal  Jin  four  and  a  quarter  to  a 
third  times*  The  head  is  wide  and  ttat  aljove,  with  decnrvod  pieroticF, 
—and  r1  \ gh  1 1  y  d upreM*ed  bell i nci  the  interorb i tal  re g1  on .  >I uzzie  obtusely 
di*soending,  not  prominent ;  mouth  terminal  and  dt5iie*!Uiling  liy  a  point 
1m?1uw  the  aiUerior  line  of  the  puplh  Length  of  head,  1175  tin«s  in  lotiil 
length  to  basis  of  caudal  fin»  Orbit  round.  liT-l  times  in  bngth  of  head, 
ami  L;i  times  in  interorbitU  width*  The  latter  is  not  nniforrn,  but  the 
middle  plane  is  elevated  a  little  above  the  i*n|«jrciliaTy  ridges,  ami 
*epaiated  ftom  them  by  a  (Shallow  groove*  Niu\;s  sivibiatei'al.  Tetith, 
2,i — Lt,  Preorbital  LrapBKoid. 
Scales  small,  covering  thc5  whole  body,  except  a  space  behind  the 
Ct<>ral  tin^  in  twenty*aix  Herlea  above  tho  latoral  line,  and  fifry'Sisc 
transverse  m  front  of  the  dorsal  fin*  Radial  formula,  D*  II.  7;  C*  11*; 
A,  I.  S;  V*  1.  V[*;  P.  15.  There  are  several  peculiarities  in  the  consti- 
tutfoii  of  the  spines  of  the  dua  in  which  the  «jpeoies  ditfers  from  Phi  gap. 
Urnt  arg€ntiM*imuM,  Thna  the  second  dorsal  spine  is  wider  than  the  fiiRt^ 
t<rJUbd  wo  deeply  grooved  behind  as  to  represent  a  V  in  section:  it  also 
ejLlends  tn  the  extiomity  of  the  first,  while  it  ii9  shorter  in  /*.  HtyaniiAittmnit, 
The  remaining  dorsal  spine^i  are  less  distinctly  enlarged  and  ottsitkd  ; 
those  of  the  ventrals  are  less  develoi>ed.f  and  their  apices,  instead  of  bttiu^j 
1x11*1%  euntinue  into  the  terminal  articulated  potlion.     Thi'  pectoral  radii 
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are  aiareely  enlarged  at  alL  The  bas^  of  D.  I.  is  ncai^r  the  baaiB  of  th*; 
eandal  fin  thau  tUt?  end  of  the  muzzle,  by  tli«  laogth  of  the  latter  to 
the  posterior  nares.  Caudal  fin  deeply  forked.  Total  length  M.  {\X)m  ; 
ditto  to  basiB  catidal  flji  .OO80  ;  ditto  to  Imsia  im&l  .047  ;  ditto  to  basis 
Tentra)  .0325  ;  ditto  ot  Lead  ,018 ;  to  orbit  JM3  ;  widtli  at  posterior 
nare«  .000;  at  raiddl©  of  ptorotic  .000.  Color,  silver  to  half  way  botween 
lateral  aud  dorsal  lines,  the  apper  part  of  it  underlaid  by  a  kail-coloi-ed 
baBd;  a  median  dorsal  black  hand  from  front  to  caudal  fin. 

Numerous  specimens  from  the  Colorado  L'hiquito  river,  Arizona,  col- 
lected by  Dn  Xewberry,  Jr.,  (5x).     The  targeit  species  of  the  group. 

LEPItiOMEDA   JAHROVrr,  flp*  HOT, 

A  species  resembling  the  last  in  many  respecta,  but  differs  in  a 
greater  elongatioii  of  form,  weakneM  of  squamation  and  peptJiarity  of 
coloration.  The  fin  railii  are  similar  in  number  and  cltaracter,  but  the 
dorsal  IS  famished  with  more  slender  spines.  The  cUin  projei:ti  a  little 
beyond  the  upper  lip  when  the  mouth  is  closed*  The  deptli  of  the  body 
at  the  ventral  fins  enters  the  leng-th  to  the  basis  of  the  caudal  5  to  3*!2*1 
times^  and  the  bead  enters  the  itame  four  times.  The  eye  is  larger  than 
in  L.  titftttn,  entering  the  length  of  the  he^vd  :itl5  times  and  equalling  the 
interorbital  width.  The  end  of  the  maxillary  bone  reaches  the  line  of 
the  anterior  border  of  the  orbit.  The  pectoral  fin  reaches  the  ventral, 
but  the  latter  dtwa  not  attain  the  vent.  The  scah*R  are  difficult  to  detect ; 
there  are  51  transverse  series  between  the  head  and  the  dorsal  fin.  Total 
length,  M.  0.081  ;  do.  to  caudal  flu  M^  ;  do*  to  anal  .040.^  ;  do.  to  ven- 
tral .082  ;  do.  of  head  .0105 ;  do.  to  orbit  .0048  ;  width  Wtween  orbits 
*005  ;  do.  between  middle  of  pteroticn  .008.  Color  oUva«;oi>tiH  above 
with  a  median  black  vert*>bral  band  ;  sideu  to  above  lateral  Uue  silvery, 
leaden  edged  above.     Bases  of  ventral  finis  red* 

From  the  Colorado  Chiquito  river,  Arizona.  DedicatM  to  Dr.  llenry 
V,  Yarrow,  Zoologist  of  the  Burvey  under  Lieut.  Wheeler  (Ko.  TitlS). 


The  following  species  were  also  obtained  by  the  c:xpedition  f^oni  I^tali 
Lake,  the  largest  body  of  pure  fresh  water  in  the  basin  of  the  Utah, 
others  of  equal  si^e  being  alkaline  or  salt* 

Salmo  viiioi>Aus,  Girardi 
Hftintains  its  dlslinctnesii  from  S.  pUtiriiitui,  Cope,  from  the  streams 
which  flow  from  the  mountains  on  l>oth  sides,  in  its  more  slender  form  of 
head  and  body.  The  depth  enters  the  length  rj.75  and  C  tlmvM,  and 
equals  the  length  of  the  head  to  tlie  preoperculum.  In  S.  jiUnriUeuM 
of  equal  size^  it  culera  the  length  4.00  times,  and  nearly  equals  the 
length  of  the  head* 

CoREOoiiUs  ntLiAMSON'ri,  Girard, 

SrnOMA  ATRARTA,  Girard* 
Jhe  largest  ftt  the  hike  Cyprlnidaj,  specimens  procured  weighing  one" 
i  two  lbs. 
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$caie«  i|.    Aaal  radii  I*  8—7.    Teelli  2A — 4,3  without  grinding  face. 
From  BiJiiTer  River,  Lake  Utah*  and  the  Rio  Gra«dG,  iu  Colorado. 

ALIiLrBHEl.LUS  HBI^ICHTHYOIDES,   Cope* 

Tig&ma  rhinkhtht/t^i^eti  Cope.    Ilayden'a  Anu.  Report  U.  S*  Qeolo. 
^iiTYvy,  1871,  p,  1473, 

Teeth  K4— 4*1. 

Abttndant  at  Proro. 


Scales  HeIt: 


C  LI  HOST  ones  nTDBOPttLOXj  CopOp 

1&Hajdeii*8  GeoU  Survey  Terr»M  1971,  p.  475.     Abuudant. 

ClJSOSTOMUi   T.ENTA,  Sp.   HOV, 

A  smaller  species  thao  the  last,  dUtiuguii^lied  bj  the  smaller  number 
&f  anal  radii,  the  elegant  coloration  and  otber  characters.  Bodjf  of 
avemjyry  prop>rtionB,  its  depth  entermg  the  length  without  caudal  lluffrtrr 
ttiid  one- third  timea,  and  exactly  equal  to  the  lenj^th  of  the  head.  The 
head  m  com p reused  and  tlio  lips  equal  t  the  mouth  is  oblique,  the 
etidof  the  mitxillary  attaining  the  anterior  line  of  the  orbit.  The  orbit 
h  large,  cntenng  the  head  three  times  and  a  lifth,  and  equalling  the 
W"idlhofthe  convex  inter  orbital  space.  Scales  hl^  thirty-thiee  in  front 
of  doi^al  fin  ;  lateral  line  complete,  dellcxed  between  pectoral  and  ven* 
tml  fins.  liadial  formula  D.  L  9 .  A.  1.  10  ;  V,  ft  ;  P.  11  ;  reaching 
TBiitrjl«,  which  leach  vent.  Dorsal  first  ray  equidistant  between  th« 
basin  oi*  the  caudal  and  the  anterior  noetriU 

Total  length  .078 ;  do.  to  anal  ftu  .042  ;  do.  to  ventral  .031 ;  do.  of  head 
Mi  ;  do,  to  orbit  ,(103(1 ;  width  to  posterior  nostrils  .U(i4  ;  do,  at  middle 
of  pterotjo  ,0003,  The  sides  are  pure  silvery  to  the  later»il  litje  of  pores;, 
above  which  a  blackish  vitta  extends  from  the  end  of  the  muzzle  to  the 
canulal  fin.  Above  this  m  a  narrow  very  white  line  which  extends  to  the 
baae  of  the  e:iitcUiJ  fin,  and  above  this  the  entire  dorsal  region  is  blackish. 
Film  uiispritted, 

Nuttierous  B[j#oijn«iis  from  Provo,  near  the  Lake,  (No,  606,  8.) 

REriNTCHTlIVS  HENSHAVIl,  Sp.  00V»^  I 

An  elongate  spocies  with  small  scales  and  overhanging  but  obtuse 
mtizzle^  n.'»emb!ing  a  Cerikichthj/»  of  the  group  of  H  nubilui  (Rhinkli- 
thgs,}  Gtrard,  The  depth  enters  the  total  length  5.5  to  fi  times,  the 
head  entering  the  same  Ave  times.  Eye  4,3  times  in  length  of  hear^^ 
1,5  timet  in  Interorbital  width.  The  base  of  the  D.I,  is  inter  mediate 
between  the  base  of  the  caudal  fin  and  the  anterior  nostril.  The  vential 
fina  reach  the  anal,  but  are  not  reached  by  the  pectoral.  Dorsal  fin 
originafing  behind  the  base  of  the  venti-ala.   Uadu,  D,  L  !>i  A.  L  7;  V*  8; 

P.  12,    Bcales  ||,    Color  white  with  a  few  dark  clouds  on  the  caudal 
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peduncle.  laferior  fins  reddisVi.  Tlie  more  anterloi*  pDBttion  of  Ibe 
ilcirsal  tin  is  one  point  of  dilTerctiao  from  if*  fnajfithinf!^ 

From  PrOTO  ;  No.  48^  \i. 

Van  lit  ^>^^  tlark  ;  a  dark  band  from  end  of  muaialeto  caudal  11  n,  Fltis 
;md  lips  rtJtL  D*  L  IH  Frovo  ;  2C^4  a ;  281  »  ;  Colorado  Cljiquito,  ^x.»  240 
Twin  Lakf?,  Colorado,  Var.  III.  Back  dusky  ;  numcn^us  lar^tr  black 
»*pots  all  over  the  sidea  aud  lioiid  ;  fins  and  Hps  erimsou,  D-  h  % 
^No,  7Tti,  from  Apacbe,  Ansioiia, 

llYBOFilS  TfMPANOOEKBie,  Sp.  nOV. 

A  rather  eom pressed  spedes  with  mouth  ob]i4]UttIy  de«ceiiding,  and 
teeth  2.4—4.2,  witli  strongly  developed  mastityitory  surfaces.  The  lateral 
line  of  tubnles  l»  in»iit:rfect  in  all  the  specimeuB,  often  only  i^pre- 
mseuted  by  a  short  serit^^  in  front  of  the  dor»a]  fin.  In  Iftrger  spccjiiiens 
it  is  better  developed,  and  in  still  larger  it  may  Im  compkae^  a  pt^iot 
which  remalnB  a**  yet  uncertain.  In  the  smaller  spi^imens  of  Mi/i&lfiueu* 
parfitunuMf  the  series  h  imperfect  for  a  short  distance  in  front  of  the 
caudal  iin,  while  it  is  complete  in  adults.  I  have  observed  the  saint?  in 
the  Ift/p*iiepi»  atuthstanm^  iHmrd,  Scales  small  ?^i.  The  dorsal  tin 
**rigiwateii  a  Utile  in  front  of  a  line  drawn  from  the  base  of  the  first  vcn* 
tral  ray.  The  pectorals  do  not  reach  the  veutrals,  while  the  tatter  at  tain 
the  vent.     Radii  D.  I.  9  ;  A.  l.  B  ;  V.  a 

The  depth  is  one- fourth  the  lenf^tb,  less  that  of  the  caudal  lln,  and  th«t 
length  of  the  head  enters  the  same  3.06  times,  Grbit  3  3  timet^  in  length 
of  heafl,  L3  times  in  interorbital  width  ;  longer  than  muzzle.  Preorhital 
bone  trapezoid.  Total  length  M  .047  ;  do.  to  bivsis  of  dor^  .0215  ;  of 
bead  <011  ;  width  at  pteroticB  .005. 

There  U  a  narrow  leaden  line  from  the  pterotio  regit  »n  to  the  base  of 
the  ciiudaU  below  which  the  color  is  yellowish,  and  above  brownish,  all 
dusted  with  black  points*     Cheeks  silvery.     Fins  diiaky. 

Numerous  speciuieuB  wei'e  taken  at  Prova  by  Mesars.  Yarrow  &  lien- 
filiaWt  and  at  Gunnison  \Ko.  608}  by  Mn  Klett. 

MlKOMUi  PLATYREYNCHIfS,    sp.  UOV* 

This  Catostomoid  belongs  to  the  genns  Minomui,  Girard,  as  defined  by 
the  writer  In  Hay  den's  Annual  Report  of  the  U.  S.  Geological  Purvey  for 
1870,  p,  434.  It  is  of  very  elongate  form,  the  depth  of  the  bmly  at  the 
dorsal  fin  entering  the  total  length  seven  and  two-ftAhs  timeft.  The  head 
ts  nhort  and  wide,  with  escpanded  and  depressed  muzzle  ;  it$  length  eu- 
ters  the  total  five  and  tbree-qnarter  times,  Tho  scales  are  maicrially 
larger  on  the  caudal  peduncle  than  on  the  post-scapular  region,  and  Uie 
donul  fin  ori^i Dates  considerably  ueaivr  the  end  of  the  mux^^le  than  the 
basis  of  the  caudal  liii*  Radial  fuimiila,  D.  I.  11  ;  C.  1H,  openly  emar^ 
ginate ;  A,  L  7 ;  V.  1^  not  reaching  vent;  )>eotonil  reaching  half-WAy  U* 
ventral.     Sculea  ||,   The  orbits  ar^  wxcavatcd  at  their  supoi-ciliary  border, 


md  their  diameter  enters  their  front&l  interspace  1*66  timea^  and  the 
iioglh  of  the  hmA  4.6  times,  twice  in  the  lenf^h  of  ttie  muzzle  in  front 
ofitabordur.  The  in u^?.Te  considerably  overhang*  the  mouth.  The  lip 
foltl*  are  tubercular  and  targel3^  developed,  forming  a  diacoitiril  fanncil. 
The  posterior  is  deeply  tuoised  beliitul  ;  and  there  is  a  notch  where  it 
joina  the  anterior  lip*  The  oommisure  is  trau averse  and  abruptly  angu- 
late  to  the  canthus^  and  covered  witb  a  cartilaginous  sheath  as  in  Ch&n- 
irtnt&ma.     Isthmus  very  wide. 

Total  length  M,  0.168 ;  do.  to  basis  caudal  ,14tt  ;  do,  to  basis  ventml 
.OJ^;  do.  to  basil  of  dorsal  ,070  ;  do.  of  head  .02*1;  width  of  muaszle 
Mt  mouth  .011$;  with  head  at  pterotics  .01 S6*  Color  btacki^h,  heXly  and 
Qtral  11  ns  yellow isU  (?  pink)*  This  species  resemble b  the  CatostomH* 
if^&t?/«i,  Cope,  but  ha»  larger  scales^  besides  preaentlDg  generic  diffei- 
Several  specimens  from  near  Provo.     He^xs.  Yarrow  and  Heii- 


MI7VOM08  .TAEnovn^  sp.  nov. 

Alesa  elongate  species  thftti  the  la^t,  with  a  much  less  enlarged  muzzle* 
The  anterior  scales  are  smaller  than  the  postenor,  and  the  tlrst  dorsal  ray 
ii  rit^arly  intermediate  between  the  end  of  the  muzzle  and  the  basis  of 
the  caudiil  tin.  Radii  D,  0 ;  C  18 ;  A.  L  7  ;  V.  H,  well  removed  from 
both  vent  and  jjectoral  fin.  Depth  at  dorsal  fln  5.75  times  in  total  length, 
into  which  the  length  of  the  head  enters  r>J]  times ;  orbit  small,  4*0  times 
iu  length  of  bead  ;  twice  in  interorbital  width,  and  1*75  times  in  muzzlej 

ithi!  latter  projectEug  a  little  beyond  mouthi  not  depressed,  hut  nar- 
rowtni  viewed  from  above.  Labial  folds  well  developed,  tubercular,  thi* 
atiteri or  rather  narrow,  the  posterior  deeply  incised.  Commissure  with 
MEiite  cartilaginous  edge,  regularly  convex  forwards. 
LScales  l\. 
■Total  lenijth  M*  .107 ;  do.  to  basis  of  caudal  .0933 ;  do*  to  basis  vec* 
Itf  M'2  ;  do.  to  basis  dorsal  .047 ;  do.  of  he^id  .0205  ;  width  muzzle  at 
tnoulh  *0T5  ;  of  he^  at  ptorotios  .011. 

Color  light  brown  with  numerous  dusky  spots  and  clouds ;  a  narrow 
abdominal  band  light ;  fins  and  chin  ?  red. 

Two  specimens  {204a)  obtained  by  Messrs.  Yarrow  and  Heushaw  at 
Provo.  Dedicated  to  Dr.  YHrrow,  wUoae  zoological  explorations  in  vari- 
olic portions  of  the  Cnited  States  have  been  prod  active  of  many  inter- 
isitlng  results. 

Catostomxts  ?OBin5ROsus,  Girard. 

J,  a  Pacific  R.  R.  Burv.  X,  p.  22 1. 
''Fttmi  Provo,  Utabt  specimens  of  two  and  a-hidf  pounds  weight. 
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Tlie  fijsbea  of  the  Utah  Luke  above  ennmemted,  number  twelve  species, 
a^  follows : 

SalmontdtJf. 
^aiXmo  VLr^na.lis^  Girftrd« 


Coregonafl  YilUamBODiii  Oi»M< 

SiboniEL  atjraria.,  GiFard. 

AlburDellus,  Bp. 

AlbumeliuB  rhiniohthyoidea,  CopQ. 


Clinofltotnua  b^rdropbloic,  Cope, 
€linOfltomiiK  tseaia.  Cope. 
Hybopais  timpauogenais»  Cope* 
Rhinicbtbys  ben^aviif  Cope. 


Minomus  pUtyrbyBehua,  Cope. 

Kinoinufl  Jarrovu,  Cope. 
Cato&tomuB'PgeueroBUB,  6irard« 


Tbe  following  species  were  obtained  at  other  loealitiei  in  Utah : 
Arizona. 

Ceraticetuys  biguttatus,  Eirtlaiid. 

Bairdt  Giturd,  Cope  Gy pritti die  of  Peon.sylvaniii,  p,  3fi6,  Tab.  xL,  fig. 

5»  Tar,  fgelotiAf  Cape,  Proceed.  Acad.  Nat,  Scionce^  iy»M*  p.  2T8. 

Dr.  Van*ow  obtaioed  a  titimlier  of  specfmeni^  of  this  abutidunt  oa&teni 
tisli  at  llariiiooy,  in  SoutljerD  Utah.  This  is  an  imexpccted  diacoveryj 
giving  tlio  species  tbe  greatest  known  range  of  any  of  oar  CypHiiidm, 
tbe  Semottlus  e&iy&rfUu  accoi^panyiiig  It  to  the  eastern  slope  of  the 
Hocky  Mountains.  The  Smoky  Hill  Hirer  was  the  mast  weatem  locality 
fur  the  C  higuttatus  up  to  the  present  time. 

CElUATlCHTinrS  VEXTRICOSUSp  Sp.  BOY- 

Allied  to  0.  hemhamit  Cope,  but  dUtiiigiiished  by  its  deeper  body  and 
more  numerous  scales  below  the  lateral  line,  wblcb  exceed  in  number 
tbose  above  it|  contrary  to  tbe  rules  usual  in  Cifprinidi^.  Depth  at  ven* 
tral  fin  one-fourth  length  exclusive  of  C4iiitlal  t\n^  and  a  little  lees  tlian 
length  of  head,  orbit  a  little  less  than  one-fuurth  length  of  head  and  iAU 
times  in  length  of  muzile  and  intoi-orbital  width,  Mu^xle  compressed, 
projecting  beyond  tbe  horizontal  moutb ;  maxillary  bone  reaching  the 
line  of  the  anterior  nostril.  Hadii  D.  I.  1 ;  A.  L  T ;  V.  7*  Dorsal  origi- 
nating behind  line  of  ventrals.  8ealea  i|.  The  specimens  are  bleached 
by  the  nction  of  spirita,  but  they  appear  to  Imve  been  of  uniform  colott 
encceptiug  an  irregular  dark  band  from  the  eiid«rf  the  muzzle  to  tbe  caud- 
al Hn.  Length  of  a  speeimen  to  base  of  caudal  ]^t.  .061  [  do.  to  haae 
of  anal  .04:1 ;  do.  to  ha^  yentral  ,0S^\  do.  to  base  dorsal  .035  ;  length 
bead  .0102;  width  do.  between  orbtta.0045;  do.  at  middle  of  ptero- 
ties  -TO73*    Number  cecl  ;  fh>m  Arizona. 

MviiOLEiTCus  rAKOVAjrup,  sp.  nov. 

With  a  general  similarity  to  Vlino»torHu»  montanui^  this  lisli  m.iy  be  i 
readily  determined  by  tbe  geoerio  cha meters  of  the  teeth  and  Ani^  m] 


^ 


treil  as  by  tb^  r^ducsed  number  of  radii  of  tba  «nal  ^n.  The  i^enus 
Mjflahu^u4  was  e«tab)iabed  by  the  writer  ia  1871*  for  species  reeemblLng 
^ih^fma^  Im  having  the  pharyngeal  teeth  of  the  longer  row  A — 5,  and  the 
of  the  dors^kl  flu  situiittjd  in  advance  of  the  veutral^  but  diflVHng  in 
possession  of  wcll-detined  masticatory  aurfaces  on  tb©  ttteth.  The 
species  la  M.  piikrriitcntuA,  Cope,  from  tbts  warm  sprmgHOf  Utali, 
ftiSih  whicli  difit^rs  irom  the  piveisent  one  in  the  greater  &lo\ilne&3  of  form 
iDii  smaller  and  more  numeroa&  E^cales. 

Form  moderately  stout ;  muzzle  sboi-t,  cotiicidj  lips  even,  mouth  very 
oblique,  majdllarj  bone  reiiching  anterior  line  of  orbit.  Profile  of  head 
wd  boek  gently  arcbcd^  Depth  of  body  «qual  length  of  caudal  fin  and 
ttdavtuing  4/25  in  the  total  kugtb  less  that  tin ;  length  of  head,  S.5  or  0 
ill  the  tame.  Orbit  large  3*1  times  in  length  of  head;  greater  than  mnizk, 
e^nal  interorbital  width*  Seniles  \j,  the  lateral  line  deciirved  in  front, 
,ttiii  continued  to  base  of  caudal  fin,  ttadii,  D.  I.  ^  ;  A,  L  8 ;  V,  9,  The 
I»ectoraU  reach  little  more  than  half  way  to  the  ventral s  ;  tbo  latter  just 
;ittain  the  vent.  Caudal  well  forked*  The  cjolor  is  transparent,  with  a 
plumbeous  iatei'al  bandi  the  ventral  and  pectoral  fins  dviskyf  the  dorsal 
And  caudal  shaded  with  the  same*  Total  length  31.  c.>048  ;  ditto  to  base 
«ttt<ial,  .urn;  ditto  to  anal^  -0:i8  ;  to  ventral,  ,0288;  of  head,  .014;  to 
grbil^  .003  ;  width  at  middle  pterotio^,  .00G4, 

Numerous  specimens  were  obtained  by  Dr.  Yarrow  from  Beaver  Riverj 
in  Southwestern  tltab.  This  stream  Hows  into  the  Sevier  Lake,  a  veiy 
tUne  body  of  water,  in  wbioh  no  flshes  were  found  by  the  naturalists 

the  survey. 


ClOOSTOHCS  rHtEeETHONTta,   sp,  DOT. 

Teeth,  1,5-^ 2 1  body,  deep,  short;  scales  larger  than  in  any  other 
•peeies  of  the  genus,  viz. :  eleven  lougitudiual  and  thirty- seven  transverse 
Mries.  There  h  no  lateral  line,  which  may  be  due  to  the  immature  state 
i>f  the  only  specimen  at  my  dispcmal.  The  depth  enters  the  length  with- 
out the  caudal  fin  ti.3  times,  while  the  length  of  the  head  is  counted  in 
the  aame  four  times.  The  orbit  is  large,  entering  the  bead  2.75  times, 
aad  ,^  greater  than  intemrbital  width  ;  in  older  fishes  the  orbit  will  be 
found  as  usual  relatively  smaller.  The  lips  are  even,  and  the  month 
quite  ol)lifiue,  the  end  of  the  maxUlaiy  reaching  the  Sine  of  the  orbit. 
Riidti,  D.  I.  7  ;  AJ»  S  ;  the  ventrals  originate  in  front  of  Uw  line  of  the 
dorsal,  and  extend  to  tbe  vent,  and  are  not  nearly  reached  by  the 
p«utoralS'  Length  without  caudal  fin,  ,034  ;  ditto  to  basis  of  dorsal^ 
Mm;  length  of  bead,  ,008;  width  ditto  at  pterotics,  .0038.  A  broad 
pluinlieous  band  on  the  side,  belovr  which  tbe  color  is  golden,  above  it 
probably  traiislncent  in  life,  with  a  dusky  median  dorsal  line. 

Discovered  in  Beaver  Hiver,  Utah,  with  the  M:glokueui  purovanuSf  by 
Dr,  Yarrow. 

•  ta  Hayd«Q*i  unntuil  Hepcin  of  tbe  V,  3.  Oealagloal  Survey,  p,  iTA. 
A^   F.   i,— VOL.  XIT,  n 
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Catostomus  ai.ticolo^  ep,  nov. 

A  stout,  i^tber  lihort  species  of  sucker,  with  elongate  head  and  narrowed 
tn  lizzie*  The  soaleu  »re  larger  behind  than  anteriorly,  and  number  liiity 
trart^yerse,  atid  nine  tec  a  longitudinal  rows.  The  radial  formula  te. 
D.  10  ;  C>  18  i  A-  7 ;  Y.  10,  originating  below  the  middle  of  the  dorsal 
fin,  atid  iieifehor  extending  to  the  Tent  nor  reached  by  the  pectoral  Vnu 
Caudal  with  shallow  emargination.  The  depth  enters  the  length  with 
caudal  Jive  tijnes,  which  is  thre*j  and  two-thirdn  the  length  of  the  head^ 
Orbit  4*ai{  tiiues  in  bead,  l.Ot)  times  in  interorbital  width.  The  muiisEle 
is  long  (1.06  tlme^  orbiti,  but  is  not  produced  much  beyond  the  mo«ithj 
but  is  truncate  and  narrowed  viewed  from  above .  Lip- folds  well  dfcveloped; 
the  superior  pendant,  the  inferior  full  but  incised  to  the  symphyels,  Uie 
anr faces  tubercular.    Vertex  lUt, 

Total  length  M.,  ,0803  ;  ditto  to  origin  caudal  fin,  .070  ;  ditto  to  origitt 
anal,  .034(1 ;  ditto  to  origin  of  dorsal,  Q'M'\ ;  width  head  at  posterior 
nares,  .0()8  ;  ditto  at  middle  of  pterotics^  ,010;  color  silvery,  upper  part 
of  sides  and  hack  duf^lcy.  In  Bpecimons  of  this  size  the  lateral  line  it>  in- 
visihle,  but  in  adults  of  eight  inches  obtained  by  my  frieod,  J*  8.  Lip- 
pinoott,  it  extends  to  the  basis  of  the  oaudJe  fin. 

Numerous  specimens  from  Twin  Lake,  ColoradOj  obtained  by  Dr,  J,  T* 
liotbrook,  botanist  of  the  survey.  This  lake  is  situaied  iu  the  South 
Park,  at  an  elevation  of  9,500  feet  above  the  sea  {n<t.  120). 

CaTOSTOMDS  D1HCOB0LU8,   CopO. 

(TIaydenV  Annual  Report,  U.  S.  Geological  Bnrrejt  1870*  p,  435). 

Numerous  si>ecimen8  from  the  Zuni  Biver,  Arizona,  and  from  another 
not  specified  locality  in  Arizona,  (No,  504;,  obtained  by  Messrs.  Oenshaw 
and  Newberry* 

Haplockilub  FLORiprNins,  sp,  noT. 

First  dorsal  ray  standing  above  the  second  or  third  anal  ;  formula,  D, 
10—11 ;  A.  13 — 14;  T.  7.  Scales  large  in  Um  longitudinal  and  01)  trans- 
verse series.  First  dorsal  i-ay  half  as  far  from  has©  of  caudal  w^  from 
end  of  muzzle.  Length  of  head  4,60  times  iu  total*  a  little  less  than  4 
times  to  basis  of  caudal  fi.u.  Orbit  large,  3.2  times  in  length  of  hi^ad  and 
1.6  times  in  interorbital  widths  Mandible  projecting  a  little  beyond  pre- 
maxilhiry ;  one  external  series  of  teeth  in  both  jaws  larger  than  tbe 
others. 

Total  lengtli  M.  .OoOS  ;  do.  to  anal  fin  ,0335  ;  do,  to  bafib  of  ventral  fiu 
.027  ;  do.  of  head  .01^8  ;  width  of  head  at  pt^rotitai  ,006,  Color  olive 
gmy,  the  scales  with  oohre  bordora.  Fins  yellow,  broadly  edged  with 
orimsom 

Numei'ous  specimens  from  the  Platte  River,  near  Denver,  Colorrulo. 
No.  05,     A  species  with  large  scales. 

IIllAJfFDBA   WHEELERI,  Sp.^OV. 

The  only  Physoclystous  or  spinous  rayed  fish  as  yet  found  In  the  QnM 
Basin  of  Utah. 


lUaul  fofmnU,  D.  VtL  IT;  A,  12;  P*  15  all  aiiuiile  ;  Br*  YI.  Tlie 
lieftd  ]»  depre^^ed  and  eoters  the  length  inmus  tlio  euudal  fin^  t;liro« 
tlnies.  Orbit  large  one-lifth  leujiftb  of  lieadf  and  twke  the  width  of 
ibe  frunt^il  inU-'rspuce,  Greatest  depth  (at  ih&t  anal  ray  j  G.75  timei*  in 
length  less  c;iudui  fin.  Anal  commencing  opposite  tlie  third  ray  of  the 
£eeoDd  liarsaL  Lateral  line  deilexed  opposite  la^t  ray  of  »eooDd  dc»rs4U  ■ 
The  recurved  preopereiilar  tpiae  strong,  the  decurved  small  and  obtuse. 
FaJjitine  teetb  prei^nt ;  end  of  maxillary  reaching  line  of  puplL  Isthtnu* 
as  wide  a.%  lengtb  of  muEzle  and  orbit  to  front  line  of  pupil.  Skin  every> 
where  Bmrwth. 

Total  length  J>84  ;  do,  less  caudal  fln  ,009 ;  do.  to  anal  ,042 ;  do,  to 
flrnt  dorsal  .USl  ;  of  head  .022  ;  width  at  maxillarie»  di&tally  .0125  ;  at 
pceoper^Hilar  spines  ,0185. 

From  Beaver  river  S,  W.  Utah,  The  other  species  of  the  Rocky 
Mountains  C  punctulaia^  Gill,  has^  aooording  to  tliat  zoologiHt  a  nmcb 
wider  bead,  especially  m  the  frontal  region.  This  clxaraeter  is  well  cx^ 
bibited  by  flpet^tmens  In  Dr.  Ilay don's  (K>lleMlous, 

Dedicated  to  Lieut*  Wheeler,  Director  of  ilie  XJ.  8,  Survey  west  of  the 
100th  Meridian. 


ON  THE  ZOOLOGY  OF  A  TEMPORARY  POOL  ON  THE  PLAINS 
OF  COLORADO, 

Bt  PaoF,   E,   D,  Cope. 

{Ettt^  b(f9r€  the  Americfin  Phihmphiml  Suettff^t  3ffirch  2^th^  1874,) 

Same  years  aj^o,  Thomas  Kite,  of  Cmcianati,  observed  an  Eivtomostra* 
couif  cruBtaceau  ewimniiug  in  a  temijorary  pcK>l  of  rain-vrater,  A  species 
nolar^r  tbanapm^s  bead  b  abundant  in  borfie-trouKh^^  springs,  kkc, 
siDd  betongt^  to  the  genua  Cgprit.  That  obaerved  by  Mr.  Kite  is  much 
liTger,  and  is  not  known  to  occur  in  flowing  water.  It  was  named 
Limt^-adill^t  KtUi  by  Girard*  I  have  Blnee  observed  it  in  Peunsylvaniaf 
ia  rait]  puddles  standing  in  the  ruts  of  roads  in  woods  ;  and  in  Kt?w 
Jensey  Dr,  Knieskern  found  it  in  similar  pools  alongside  of  roads 
In  the  open  ountry.  The  wonder  naturally  is,  how  strictly  aquatic 
branchiferoufi  animals  cm  l*e  propagated  under  the  circnmstaucea,  and 
how  they  ean  be  distributed  from  place  to  place,  A  similar  species  has  been 
recentjy  observed  by  >L  Tissandier  in  pools  in  the  valley  of  the  Seine* 
These  were  left  by  a  flood  of  the  river,  and  before  drying  up  became 
populous  with  a  species  of  the  Cyprididje. 

The  miiit  i^markable  examples  of  thii$  kind  are,  however,  to  be  ob- 
ier^c?d  on  the  plains  of  Kansa.^  and  Colorado, 

Here  rains  create  temporary  pools  in  depressions  of  the  surface,  whieh 

may  remain  for  a  few  days  or  weekJv  but  are  a!l  dried  up  by  the  end  of 

*  ^ptember,    Neverlheles*,  some  of  them  at  least  swarm  with  a  population 

of  branehiferc^uscrusuoeans,  worms  and  larva^  of  insects,  with  the  adults, 

which,  in  their  developed  s  ate,  conie  to  the  surface  for  air,  or  live  on 
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the  ad^laceat  ba^okB.     Observations   on  a  pool  of  tbis   kind   determined 
sixteen  species  which  lived  in  or  on  the  water,  whicit  bad  an   area  ot 
thirty  foot  by  fifteen,  an4  a  depth  not  exceeding  a  foot.     Three  of  th 
Siiecies  were  worms,  six  insects,  one  arachnid,  and  eight  cniBtaqeans* 

The  inaects  wertJ  a  blui^U  liy,  with  a  pale  bloom,  which  ran  rapidl| 
over  the  surface,  aiding  its  progress  by  its  wl ugtj ;  a  sVonder  beetle,  that^ 
€lun^  to  the  submerged  sterna ;  two  speciea  of  actirely  awimming  water- 
bee  ties,  one  beautifully  varied   with  white  ;  and  a  slngg-ish,  pale-g^reem  I 
sj>ecieB,  which  swam  readily.  There  was  also  that  cosmopolitan  btmtman  ' 
whi>  swims  on  his  back ^  the  hemipterons  notonecta.    One  of  the  worms 
was  delicately  striped  with  lines  and  rows  of  dots,  another  was  soft  and 
jointless,  and  oouM  contract  itself  into  a  mere  lamp  or  extend  it«elf  to 
tionsiderablo  li&ngth»  It  was  no  doubt  a  plaDailau,  and  was  of  a  pea-green 
color.    Another  planarlan  was  white,  and  some  of  its  intenuU  organ 
showed  as  a  nil ik- white  sig£ag  6gure  through  the  body  walls.     It  swam 
freeJy  through  the  water-     Of  the  crustaceans,  four  were  tlie  shelled  C^* 
jiriden.     One  was  very  small,  short  oval,  and  green  ;   another,  still  small, 
was  a  long  oval^  Htraw-coh>red,  and  covered  with  hair  ;  a  third  was  larjjfo 
as  a  small  pea,  almost  globular,  and  bnlliant  green.     U  was  veiy  abund-  fl 
ant^  swimming  in  twos  and  threes  among  the  grass-stems  or  near  the  sur-  " 
face.     The  fourth  waa  a  gigantic  species,  large  as  the  thumb-nail,  and  of 
II  i»ale-reddish  orange  tjolor.  It  was  frequently  observed  in  encounters  with 
others  of  its  species.     The  water  was  alive  with  shoals  of  what  appeared 
to  be  at  first  sight  the  translucent  fvj  of  some  fish.  On  closer  exariiitmtion 
they  proved  to  be  elongate  crustaceans  allied  to  the  DmnrMpui^,  their 
delicately- fringed  gills  hanging  suspended  from  the  hinder  segments 
the  body.     They  were  covered  with  a  jointed  ooat  of  mail,   and   darted 
about  with  great  activity.     They  were  elegant  creatures,  with  a  crimson  | 
tail  setting  ofi*  the  glass-like  clearness  of  the  body.    The  most  singula 
of  these  forms  is  the  Cj/ehpa,     It  reBembles  superficially  the  king  oral 
of  our  Bca*shorcs,  truly^  indeed,  in  the  groat  buckler  or  shield  covering 
(he  heiul  and  thorax,     it  Iia^  a  si  agio  elevation  on  the  middle  of  the  top 
(*f  the  head  for  two  eye  windows  or  corneie,  and  an  inferior  pair  of  widely-  S 
separated  eyes  look  dowuwai^J  U»  the  bottom  of  the  water.    The  Uiil  of  ^ 
iHMJy  is  soft,  jointed,  and  worm-like,  ami  bears  a  pair  of  feelers  nt  the 
end.     These  curious  creatures  swim  on  the  bottom,  chasing  each  otlier 
here  and  there,  resembling  in  their  motions  and  form  diminntive  cat! 
fishes.    Borne  other  forms  were  minute  crimsoui  arid  strangely  form^j 
creatnre*.     The  common  artiohnid  wss  a  rouud*bodied   Uydraehna^   or] 
water- tick,  of  a  bright  red  color, 

Thi£i  [Hipulation  evidently  has  a  short  life,  and  It  is  probable  that  thel 
exi^teni-^a   is  only  secured  by  the  long  preservation  of  the  eg^s  in  the' 
bottom  of  the  dry  ponds,  which  may  be  readily  carried  from  place  to 
place  by  winds  during  the  dry  season. 
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COSM iC A L  Til VAIU OD YX AMIC8. 

By  Prop.  Plint  Eaiile  Ciiabe, 

(Ss4td  hif^r^  fAf  American,  I'hihiophictU  Smiettf^  April  Xllh^  1874,) 

A  oammttUe*  haii  been  uppointcd  to  inyi\xi  this  ijartJcip&iion  tsi 
Stad«ats  m  the  iliscuat^iiju  of  a  paper  which  will  bt*  proitsiited  at  the 
oumiitg  auiumo  mt?eting  t>r  tixe  Aawicmiion  i>f  Genoa u  Naturalists  aud 
J'Jijvicmtis.  The  paper  Is  entitled  **  Lft»ung  de»  PrMamA  it  her  Sid  untf 
ITMfr*  dsr  J/tfiVAan^,"  iu  objtJCt  being  Urn  jdentifieatlon  of  gravitating 
tone  with  thorino-dynamics,  by  meaiia  of  the  therni^  equivalent  ind 
Camot^ift  law  of  thermo^ynaiitio  energy. 

In  aotnpliAncG  with  the  invitatitm^  and  as  a  contribution  to  the  general 
theory  of  anitJiiy  force^  1  submit  the  following  The&cB^  together  with 
re fe pence*  to  portions  of  my  communications  to  the  American  PhJlo- 
5<'M'  iety  during  the  past  eleven  years,  in  which  some  of  them 

ait  1  ly  exemplilied  and  verifier], 

iL  a  Force  ia  uriitary  in  its  origin,  it  should  be  omnipreaent  in  its 

iiiifestationB. 

2.  In  a  aapposed  aniversalf  matenal,  elastic  and  therefore  slightly 
oaaipressiMe,  Inminiferons  ietber^  we  may  reasonably  look  for  such 
cnouipresent,  primitive  manifesitations. 
lU*  In  a  universally  undtilating  a'ther,  any  gross  luertia  of  points  or 
tides,  must  eatabHsh  special  systems  of  both  centripetal  and  ccntri- 
fugat  undn  tat  ions* 

4.  The  gK^s,  inert  pat*ticles,  in  an  ji^thereal  ocean,  would  be  impelled 
towardn  each  other  with  velocities  varying  directly  as  the  sum  of  their 
iQortias  and  iuversely  as  the  square  i>t  their  distance. 

5*  Aa  soon  as  a  revolution  is  established  around  the  common  centre  of 
gnirity  of  three  ne*irly  equal  particles,  under  the  influence  of  a^theteal 
undulatious,  there  should  be  a  tendency  to  diaeoid  aggregation  with  a 
central  »phc!roidal  nucleus, 

a.  On  accijuut  of  lethereal  elasticity,  there  should  also  be  a  subordi- 
nate tendency  to  aggregation  along  lines  of  logarithmic  parabolas  or 
iipimls. 

7.  In  an  infinitely  diffused  nebulous  mass^  all  work  would  be  internal* 

({,  In  a  finite,  couilensiug,  nebulous  masS|  there  would  he  external 
work,.  especiLdly  manifested  in  attraction,  revolution,  and  rotation. 

0.  At  eondensntion  progresses,  v'  (the  velocity  of  revolution  of  a  free 

eq^torial  particle)  oc  ^f^  ;  r"  (the  Telooity  of  rotation  of  a  constrained 
atorml  particle)  oc  ^   pc  ((?')*;  ^  (the  velocity  of  centripetal  impul- 

*  *ADf«a  Aadervolin.  PrtPiiSeiii ;  E.  Frltsch  \  Dr.  med.  Ma^ui,  t^rlTat-doeeflt,  Tnlv, 
a  Brnttatii  Ttm  Selimldt,  lit  UvuU  In  6th  B^gt,  Artllkry;  Dn  me*!.  Lalwlg  Hey. 
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10.  The  fDregoing  postulates  are  all  eiiually  tnie,  whether  the  < 
petal  impulse  cnigiaaie  in  a  tJiniHt,  uriu  n  pulL 

IL  We  have  do  direct  evidence  of  any  primitive  putl^  but  we  hav^ 
evidences  of  radiating  thrusts  of  li|fht  and  heat  from  stellar  centres. 

12.  In  all  known  cosmicai  motions,  tlie  t-entrifugal  and  e(L^iitrii>etal 
forees  act  under  such  laws  of  eqnilibriutn,  that  the  apparent  puH  of 
gravity  may  be  explained  by  tlie  differeneo  between  external  and  intcr- 
tnediate  r:idiating  thrusU*        « 

13.  We  know  of  oscillations  in  the  ietbereal  sea,  propagated  with  f* 
(the  velocity  of  Ught^,  The  aomtnunit!aiion  of  an  exceedingly  minut 
portion  of  that  velocity  to  inert  part  idea,  waukl  be  sutfioieut  to  protluce 
all  the  phenotnena  of  gravitation* 

14.  The  greatest  manifestation  of   gravitating    for«e  in  our  system 

iff  at  Sun's  surfiwe)  -  87-1018  ft.  ^  8T5.61S  X  1^^4.400  =  511,71  M59j 

mean  lights  waves  per  seeotid.    There  being  592  (lo/^  mean  light-wave 

5ll,Ttl,lr>0  1 

per  second,  tUat  force  could  be  produced  by    v*  —    ,^^    ^^,|i 

J:'  J     592(10)  1157  1 10)^ 

of  the  mean  velocity  of  each  light-wave, 

15»  if  gravity  were  propagated  with  intiuitc  %^eIoeity,  and  any  iner 
mass  were  concentrated  in  a  point,  a  body  falling  to  that  point  wonl<l 
obtain  an  infltiite  velocity. 

iO.  if  gr.ivity  is  the  resultant  of  o^il]atiom<i  of  finite  Telocityp  and  if 
BoUr  rotiition,  planetary  revciUition,  and  solar  motion  it*  space,  are  al(, 
remdtant*  of  gt'avitating  action,  thrir  velocities  should  all  be  Umiled  bj 

i»^  (the  velocity  of  the  primary  efficient  osoilUtion). 

17,  In  a  homogeuooua  circular  diac,  of  Lnfinitesimal  tUickaeM,  j?  oc 
tance  from  ceutre. 

18*  if  such  a  disc  were  revolving  in  a  eirdular  orbit,  under  Hit 
combined  InJluence  of  tangential  and  centripetal  thrasta,  in  a  slight!] 
compressible  lethcreal  oceans  it  should  rotate  ai  well  as  revolve,  till 

limit  of  possible  rotating  velocitj'-  lieing  c  . 

I  Up  If  the  supposed  dtrvc  lihoulcl  acquire  such  a  velocity  that  at 
jjenphery  v'  ==  9"  -s;  |  ^r»  the  same  equatioiui  would  be  true  for  ever 
particle  in  tbo  disc, 

20,  In  a  sphere  or  spheroid,  the  superficial  centripetal  thrusts  shuwld 
produce  an  increaiie  of  density  at  and  towards  tho  centre^ 

21,  The  ratio  of  the  rotating  action  of  au  letbercal  atrtmm  on  ihp^ 
oijuatorial  plane  of  a  uebuloua  sphere,  to  the  pmpelling  fbrooof  the  sami 
stream  acting  on  the  spherical  surface,  ts  rrf'  :  4-r\  ur  1:4, 

22,  In  a  rotating  and  revolving  star,  planet,  or  aatcllite,  each  cqua 
toria!  particle  os4iilUitt!s  in  waves  which  havci  a  height  equivalent  to 
twioe  the  distance  of  the  particle  from  the  centre  of  giavily  of  the  rot*-' 
ting  body. 
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23.  If  f"  ==  time  of  rotation,  the  integral  of  ihe  impubes  camnQunica- 

'md  dmrifiis  each  rise  or  fall  of  the  rotation- wave.  i»  ^-—  , 

2 
34.  If   the  rDtatiEig    body  -were    to  expand  or   contract   uni family » 

f'^OC  -,  and  r'  oc  r'oc  --;  ff*'^  ia  .%  a  canstaut  tmantity  for  each  |ar- 

if      2 
tide. 

2S.  At  the  trough  of  the  rotitt  ion -wave,  the  accumulated  r<?trogrado 
f  wtodty  is  exactly  equal  to  the  originating  velocity  of  taDgcntial  orbitnl 

hnpaUion*    In  other  words,  ^-^  =  t?  **' 

2 
2d.  The  velocity  of  rotation  would  become  equal  to  the  veloeity  of 

Thia 


rerolutioii,  when  the  Rphere  had  contiucted  so  that  <r   ~  , 

■677 


hmitiug  vislocjty   of  ineilial  aggregation  is,  therefort,  such  aa  would 

eairry  a  body  through  the  equatorial  diameter  of  a  spheroid,  while  v^ 
wauld  deiicrib<?  its  equatorial  circumference. 
27.  The  elasticity  of  the  mther  tliould  give  rise  to  harmonic  vibration?, 

jfcud  especially  to  vibratioaii  which  involve  multiples  of  i  "2*  3,t  i  .^,f 

and  -§. 

2S.  In  consequence  of  the  liarmonic  vibrations,  lliere  ?*hoii]d  be  a 
te^ency  to  the  establiahment  of  pojuts  of  inertia,  and  the  consequent 
»ggY«g:atlon  of  planets  and  satellites,  at  harmonic  nodes,  Buch  a  ten- 
dency is  illustrated  by  the  t-hladni  pJatea,  and  the  Hth  Theais  shows 
tliat  the  iuppOHed  cause  of  agj[;regation  is  more  than  adequate  for  the 
prtidijctiott  of  the  supposed  eifects. 

311,  The  blending  <d  <liffe*tsnt  harmonic  Tibrations  should  produce 
iseoiindary  vibrations  of  a  lower  order,  giving  rise  to  varying  orbital  ee- 
cenlrtcities. 

:tt».  The  influence  of  harmonic  vibrations  should  he  traceable,  not  only 
hi  planetary  poaitionsi  but  also  in  their  masses,  momenta,  and  montentH 
ti/  Inertia. 

til*  The  jp  the  real  action  upon  inert  masses  or  pai  tides,  should  be 
followed  by  a  reaction  of  the  particles  upon  the  futher,  Buhordinate 
muting  iinpnlsionB  should  thus  be  egtahlished  among  the  planets,  and 
iin.t€lHtes,  and  particlei^. 

32<  The  same  harmonic  laws  which  introduce  order  among  the  various 
botUes  of  the  m&crocosmic  syiitem,  should  also  he  operative  in  various 
forms  of  orderly  arrangement,  within  each  of  those  bodies, 

•The  T«ioeltj  of  IWI  trom  fallal  ts  illttsnco  :^  ^  2  r?r. 
+n«ji™  ofUfieArosellUtloti  =  |  I* 
lUflntrcof  •pJietkftlo*eillfttlon  ^  l/*  '"* 
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33.  The  superiority  of  the  wiiYe*tlieory  over  the  equiltbriam  theory  of 
tides,  damoEstrates  tlie  iinpiiitance  of  coniridering  the  oiinauiativ©  effect 
of  HuoceasiTO  inipukea,  both  in  mokr  and  In  molecular  investigations* 

34  The  height  of  the  atmosphere  ib  Bufficient  to  give  the  total  wave 
tide  a  posiUou  identical  with  the  eqnUibriumtide,  with  the  ci^st  veni- 
caliy  under  the  disturbing  body, 

35.  The  stratification  of  the  atmoiphere,  iitdteated  by  the  various 
t^urreiifcjT,  should  ofteu  produce  tides  iu  the  lower  couches  uf  tb©  air 
Identical  in  jjositron  with  the  ooeau  tides,  with  the  trough  veiiically 
undt^r  the  disturbing  body* 

36.  The  resultant  of  the  tangential  and  radial  orbital  tm pulses  upon  the 
elastic  atmosphere,  combined  with  the  resistance  of  the  earth*s  surface, 
should  produce  daily  barometric  fluctuations,  of  suah  general  form  and 
magnitude  as  have  been  observed. 

37.  All  tidal  influonccs  npou  the  atmospliere»  whether  thermal  or 
gravitating  in  their  immediate  dependence,  should  Ikj  modified  in  accord- 
ance with  Ferrers  laws, 

38.  There  should  be  cnmnlativo  annual  as  well  as  daily  barometric 
tides»  and  in  coni^quence  of  the  tendency  to  maintain  ''  eciuality  of 
areas,"  the  two  ihould  be  so  connected  wa  to  fumisli  data  for  approii- 
mate  estimates  of  the  Sun'a  distance. 

30.  Local  t-emperature  should  he  a  meaisuce  of  the  work  accoinpljshed 
by  the  various  local  a^^thereal  Impulses.  The  average  temperature  of 
diifereDt  hititudea  should*  thei-eforej  be  determiuable  by  a  priori  mathe- 
matical calculation. 

40,  The  barometrio  tides,  if  they  are  dependent  upon  elastic  a^ the  real 
waTe&f  »hould  furnish  some  indicatioua  of  the  elasticity  and  re&lstaucQ  of 
the  ajther, 

4U  If  the  disturbances  of  the  moou  and  planets  upon  the  attuosphere, 
are  protlnced  throuj^h  the  intervention  of  undulations,  and  therefore 
enmnlative,  evidences  of  such  disturbances  siiould  be  found  in  tho  cycles 
of  meteorological  phenomena.  The  diriturbancea  should  be  of  a  greater 
magnitude  than  any  that  are  attributable  to  mere  dlfferential-titlal 
attraction, 

43,  Tbo  velocity  and  length  of  sound  waves  should  bear  some  definite 
harmonic  relation  to  the  mean  velocity  of  the  atmosphere,  as  well  as  Um 
the  velocity  and  length  of  the  waves  in  the  primary  elhcicnt  undulation. 

4tj.  Tht>  daily  and  annual  variationa  of  magnetic  ne^dlen,  should  be 
simihir  to  those  which  would  l>e  prwluoed  by  mechanical  vibrations  simu- 
lating the  thermal  currents  in  the  atmosphere* 

44,  narmonid  analogies  ihoukl  aflurd  probable  bases  for  mstTonomica], 
physicatf  aud  chemical  anticipations. 

45 »  Harmonic  rclatiouii  should  be  traceablef  between  gaaeona  OiCiUlb-  ^ 
tious  relatively  to  the  8un  and  any  given  planet,  which  are  dep«ndent 
npon  the  relative  masses  of  the  dtsturbing  bodies* 

4d.  If  gaseous  particles  are  uniform iy  distributed  along  a  given  line 
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ia  oonsec|aeTice  of  axk  exploaion^  a  eeooikdar?  oostre  of  Une&r  €«tciUattoti 
illCNtlil  be  cst&bliilied  between  tbe   primaiy  oeutze  and  tbe  eentire  of 

Bw^y,  Cf-iof  <i-  J)  =  51. 

4T.  PlBnets  and  Batellites,  iwoUlatiiig  under  the  coiubmed  mcHoa  of 
tsQtnfugal  and  oentripetal  foroos,  and  subject  to  diatorbanoes  froin 
nroHial  tutetaction,  ahouM  tend  ta  arrange  ments  attalogoua  to  those  of 
te  particlee  in  an  exploded  gaa. 

18.  Tlie  force  of  super^ctal  gravitj,  at  tbe  Sun  and  at  tlie  {principal 
pbaals,  aboald  be  in  simple  harmotuc  relatiotu  to  other  elements  of 
yUypetary  motion. 

Hk  The  tatrs  uf  tnedianicai  arrangement^  in  the  parkiolea  of  a  homo* 
gvnaons  elastic  a*ther,  should  give  rise  to  polar  forces* 

ifX  The  velocity  of  pritaiivry  osfjillation  (Thesee  16,  SSj  &o*^^  vAj>& 
»Ui$JUi  ihi/i>r«$oing  thsten^  hy  (^plaining  ail  teUmtUi  wimh  ar4  lAtf  rtfttiM- 

TbaM  'nie«e&  seem  to  me  to  be  all  rigoron4y  and  mathematically 
ooooecled  with  the  hypothesiA  of  a  nnl verbal  elastie  sether.  In  my 
.iocounts  of  the  sncccs&iTe  tentative  stejis,  inductive,  deductive,  and 
ABikipatire,  by  which  I  have  been  brought  to  their  recognition,  there  baa 
necen^rily  been  much  thjit  wms  crude,  and  some  ibings  that  were 
^rhapfl  merely  visionar^%  but  tlie  stepa  have  all  led  toward!^  tbe  s«me 
goaU  While  endeavoring  to  learn  caution  from  my  mistakeBr  I 
bive  never  ceased  for  a  moment  to  believe  that  tbe  many  harmnnie*  and 
incidences  which  I  have  pointed  out,  were  indicative  of  important  but 
omknown  law9* 

The  IdentiSeation  of  r^  and  t ',  (Theais  50^,  is  perhaps  the  most 
impartant  coucJusiou  cif  the  wbole^  and  its  importance  may  render  some- 
vhat  fuller  dctaiU  desirable*  Tbe  common  explanation  of  pboefcary 
nretioQA^  aaaumes  a  primitive  tangential  impulse  and  a  constant  gravi* 
tatiDg  pull,  the  resultant  of  the  two  forces  detenntning  the  path  at  every 
in&tanL  But  it  should  be  remembered  that  tbe  efflclent  tangential  im- 
pQlae  is  bj  no  means  tbe  one  which  wai$  originally^  communicated  {  that 
%  a0  WiiSl  as  the  pull  of  gravity,  is  continually  shifting  its  direction^  and 
oootinttally  renewed ;  and  that  all  the  known  cosmical  motiona  can  be  as 
readily  a<?counted  for  by  the  impulse  of  waves  upon  particles  differing 
in  their  relative  amounts  of  inertia,^ as  in  any  other  way, 

Im  any  mm  of  free  orbital  revolution  around  a  centre  of  gravity,  every 
iiiiiiit«atinal  pnll  of  gravitation  is  assumed  to  be  efficient^  in  s^ime  way 
or^llltrr  If  the  orbit  is  circular .  the  orbital  velocity  d  ^r}  is  renewed, 
m  often  as  a  portion  of  tbe  orhit^  equivalent  to  radins,  has  been  described > 
This  fact  iSj  of  itself,  suggestive  of  equal  oscillatloua,  either  alternately 
or  aimultaneously  centripetal  and  tangential,  and  it  may  well  jui^tify  us 
la  looking  for  some  equally  simple  relationsbip  to  an  invariable  velocity 
piimitive  and  continual  impulsion. 

The  only  presumably  invariable  velocity  that  we  know,  being  that  of 
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light,  and  the  only  mode  of  viewing  gravitating  action,  under  an  inva- 
riable relation  to  a  uniform  velocity,  being  the  one  which  I  have  pointed 
out  in  Theses  23  and  24,  there  seems  to  be  an  a  priori  probability  that  v^ 
may  be  represented  by  some  simple  function  of  the  constant  velocity 
gi'f,  and  that  gravitating  motion,  as  well  as  light  motion,  may  be  undu- 
latory.  Since  gravitating  fall  acts,  in  orbital  motion,  until  the  sum  of 
successive  gravitating  impulses  has  communicated  a  tangential  velocity 
equal  to  y  gr,  thus  renewing  the  orbital  velocity,  it  seems  natural  enough 
to  suppose  that  the  same  fall  may  also  act,  in  rotary  motion,  until  the 
sum  of  successive  impulses  has  communicated  a  centripetal  velocity 

=  v  =  V  f  thus  renewing  tbe  velocity  of  primary  impulsion.  If  the 
gravitating  thrusts  or  pulls  are  supposed  to  be  all  efficient,  it  is  not  only 
right,  but  it  is  even  our  duty,  as  earnest  truth-seekers,  to  try  to  trace 
their  efficiency  as  far  as  possible. 

In  the  oscillation  described  in  Thesis  22,  each  equatorial  particle  is  al- 
ternately approaching  to,  and  receding  from,  the  orbital  centre  of  gravity, 
during  intervals  of  a  half  rotation.  The  integral  of  gravitating  im- 
pulses, at  the  centre  of  our  system,  during  each  wave  nse  or  fall,  is, 
perhaps,  as  closely  identified  with  the  velocity  of  light,  as  is  the  integral 
of  gravitating  impulses,  during  the  orbital  description  of  radius,  with 

the  orbital  velocity.     For,  from  the  equation  ?—  z=  v^  =  v\  we  deduce^ 

for  the  time  of  solar  rotation,  <"  =  g^J-gT^ga^  X  {^S'    '^^ 

value  differs,  by  less  than  f  of  one  per  cent,  from  the  estimate  of 
Bianchi,  Laugier,  and  Herschel,  and  by  less  thai\8^  per  cent,  from  that 
of  Sporer,  which  is  the  lowest  estimate  hitherto  published.    From  the 

constant  solar  equation,  ?-—  =  «  ,  we  readily  obtain,  by  introducing  the 
2 

I       ^ 

variable  r,  the  general  equation  for  planetary  velocity,  \/gr  =     i^^® 
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SAVIXG-FUND  LlFE*msUBANCE. 

BV  I'LtNV  KaHIM  CtlA^iE* 

(E^ad  htfore  the  Amerimn^  Phil&i&phkat  Soi^^etifj  April  M^  1874.) 

Eli:tar  Wright,  the  emiiieut  Actuary  and  larmerly  Siate  Commissioner  I 
of  Life  Idfluranc^  for  Massachusietta,  Uas  proposed  a  conibimition  of 
Saving  Fuud  and  hit&  losurauca^  to  diMpens©  with  tlio  extravagant  com- 
missiOELS  of  canvafi^erB,  ai)d  wrili  other  enormous  (L^xpeuHea  tui^deul  to  i 
the  preftent  competitive  system.  If  aufflcient  business  could  be  firc:urcdp 
there  can  be  no  doubt  tbat  such  a  combination  would  work  admirably. 
In  order  to  float  a  company  until  a  payi&g  busineaa  is  egtablij^bcd,  Mr« 
Wright  piopoaes  to  start  with  a  capital  of  ^iiX),0OO. 

But  capitaHsts  are  timid  in  regard  to  untried  enterprises,  especially 
when  it  is  propo^i^d  to  enter  a  business  £eld  witliout  re&oi  tiuj^  to  any 
of  the  customary  methods  for  inviting  business.  It  may,  therefore,  he 
well  to  inquire  if  there  bo  no  other  way,  in  which  some  analogous  ex- 
periment may  be  tried  safely^  cheaply,  fairly,  bene^cially,  aud  in  every 
way  satisfactorily. 

Life  [imuranco  ia  the  safest  ,of  all  kinds  of  undarwritiDg,  The  risjcs 
are  known  with  greater  certainty,  the  eon  tinge  neies  of  extraordinary 
misfortune  are  fewer,  the  margin  reserved  for  unforeseen  ealamitiea  is 
more  liberal,  and  the  intercHt  of  the  bene^ciary  in  guarding  the  risk  ia 
greater,  than  in  any  other  of  the  many  forms  of  protective  insiiratioe. 
The  only  ease  in  wbioh  a  guarantee  capital  would  be  of  any  advantagts 
is  when  heavy  losses  occur  before  sufficient  accumulations  have  been 
provided  to  meet  them. 

Saving  Fund»«,  notwithstanding  their  oocasionQl  failure,  have  lon^ 
been,  and  will  doubtless  coutiitue  to  be,  more  popular  than  Life  losu- 
ranoe  Companies.  They  require  no  eKpi!n^ive  corp«  of  agents  or  cau- 
v&^erPi  aiid  but  little  advertising,  esiiecialiy  if  the  Interest  of  the  benevo-l 
lent  can  he  enlisted  in  their  behalf.  This  may  be  easily  done  if  other 
advantages  are  added  to  those  of  an  ordinary  Savings  Bank,  and 
pecially  if  the  depositor*  aud  friends  of  the  Institution  can  he  brought  to 
feel  that  the  money  can  be  withdmwn  in  case  of  pr*?6«ing  |»erftonaJ 
necesiiity,  while,  In  case  of  early  and  un©3E|>ected  death,  the  liereft  family 
will  be  spectally  benefited*  The  proper  way,  there  foi^,  to  inaugurato 
the  proposed  experiment,  would  seem  to  be,  to  add  new  inducements  to 
a  system  that  is  already  cheap  and  popular,  rather  thsiu  to  enter  into  the 
lleld  of  direct  competition  witli  the  cumbrous  and  expensive  organizations 
and  appliances  which  have  been  thought  neoesaarj  lor  the  (^uceossful 
working  t*f  a  system  that  ia  costly,  and,  in  many  reipects,  unpopular » 

In  order  to  secure  su£h  add  mi  ad  van  I  ages  aa  I  have  suj^gested,  t  euhmit 
the  following  outline  of  a  plan,  which  may,  4:kcrhapis  be  m  nuniiiicd  by 
hints  derived  from  the  study  or  experience  of  other^^  aa  to  be  doemdd  | 
worthy  of  practiOiJ  triaL 

L  Creiiitall  depOAiioni  with  four  per  cent>  simple  iutercj^t,  and  glf© 
them  the  right  to  draw  upon  their  accounts,  either  under  the  uHual  re^l 
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jans,  or  salyeol  to  soeli  rOj^nLitioiid  a&  mai'  Crotn  tune  to  time  s«eiii 

S.  Credit  alt  profiU  to  a  genenU  fuiwl  for  the  beneUt  of  tlie  family,  or 
ctor  fipeclBed  perftoos,  s^t  the  deatli  of  esjch  depoaltor,  the  interesi  <if 
Mb  cQDtribtitoTf  tn  the  commoa  fund,  being  proporEional  ta  the  amoont 
of  ilk  aTerage  depoftita, 

Jl  BnctmrAge  beneficial  contritmtioD&bips^  of  stated  siimj  per  week, 
■•nib,  or  ye&r,  for  tbe  pajment  of  fixed  ftnms  at  the  lime  of  death,  tlw 
ptjineiits  be! Dg  further  guaranteed  bj  a  sufficient  Btipnlated  tax  npoii 
ati  tbe  survivors, 

4.  Open  accounts  m  acKX^nknoe  with  tbe  onlinary  principles  of  Life 
loiQrazice,  cr^ilin^  eadi  depodite  with  tbe  auiouDt  of  a  fuUy-pald 
fO^U^j  to  wbicb  it  wonld  be  entitled.  Tbese  accounts  will  facititate  tbe 
dM^stninatioii,  at  the  death  of  each  depositor,  of  hia  interest  in  the  com- 
toon  fund,  and  thej  will  prepare  the  waj  for  a  final  lafe  aAaumptioniof  all 
lh«  riftkaof  Bpedfic  Life  Inaorsmoe,  Eodowmetits,  Anmutiea,  Tontines,  &c 

5,  Allow  Uie  beiusEciarie«,  If  thej  desire  it,  to  continue  Uieir  i>aTtlci- 
^itjiin  in  the  iiccnmulated  profits,  far  ten  jears  after  the  death  ^hich 
girm  tliem  an  interest  in  those  profita. 

fi.  Convirce  merchantis  tnanu f^cturers,  clergymen,  and  benevolent 
hidlridiiais  generally,  that  the  dep^tlots  in  the  proposed  institution 
win  receive  a  great«r  return,  in  case  of  early  il^atb  or  other  unforeseen 
calatnity,  than  tbey  qould  Qbtaiti  from  any  other  aource.  Tbe  roluntaTy, 
oopaid  recommeudationst  thui  ee€ured^  would  soon  oofumaiid  a  large  and 
profitable  business. 

7.  Enlist  tlie  eo-npcrationf  in  the  Board  of  Directors^  of  men  whose 
repcttatktu  for  tried  mteijrity  and  disinterested  philanthropy,  will  he  a 
su^cicnt  guanintee  of  wise  and  equitable  adtnlnistrationa, 

8,  Invite  an  examination^  by  tbe  wealthy  and  charitable}  of  the  claitna 
of  ibe  Institntion  for  their  consideration,  and  for  a  participation  in  their 
Uouuty.  Contributions  thus  obtained  should  be  added  to  a  pemmneut 
fbnd,  the  income  being  need  for  the  benefit  of  all  the  depodtor». 

After  a  sufficient  capital  has  been  accumulated,  all  the  specific  under- 
takings of  Life  Insurance  and  Anuulty  Companies  could  be  assumed 
with  perfect  safety,  and  with  tlie  asfturance  of  larger  returna  thxin  any 
Cofi  vn  now  afiord.     A  large  amount  of  the  best  cla^is  of  business 

Wi '  fu>m  intelligent^  careful  men,  who  are  induenoed  more  by 

theif  uwu  jiidgtnent  of  the  merits  of  a  system,  than  by  tbe  repiie^eiita- 
titm*  of  i-aiivaiMer4.  There  would  be  no  forfeiture,  no  auxte^  from  fear 
of  inability  to  meet  the  yearly  increasing  bar<teu  of  a  large  yearly  pre- 
Miuoit  no  doubtful  hesitation  about  investing  the  unusual  profits  of  proft- 
peroud  je9trM^  no  feara  of  t^ettifogging  attempts  to  evade  payment  in  case 

^  death.  The  young,  strong,  indnatrious  and  prudent^  whose  risks  are 
tt^  while  their  need  of  insurance,  in  case  of  unexpected  calamity,  is 
grtat^fit,  would  contribute  so  large  a  part  of  the  dei^K>»it«>  tbat  the 
accumulations  of  the  benificiary  fund  would  be  unusually  great.,  and  all 
tbe  participants  would  be  proportionately  helped  thereby. 
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A  DOWNWARD  ATMOSPIIEHIC  CrRCULATION,  AS  ONE 
CAUSE  OF  EXTREMES  OF  COLD, 

By  Lohin  Blodqxt, 
(Biad  bif&m  the  Amenran  Pftihtfophiml  S^ekl^f  Ma^  l§t^  1874)» 

The  ajrstem  of  atnwwplieric  circulation  which  givea  ua  »  g<*n©r»l  easterly 
movement  in  temperate  latitudes,  soaroely  n^eda  further  explanatiou,  yet 
the  rt cent  establishment  of  observat-oHcs  on  Mount  Washini^tnn  and  an 
Filters  Penlc,  are  fLHiud  to  afford  positive  tnndeace  in  verification  of  siieh 
movement  that  is  full  of  interest.  Tlie  eaaterly  current  on  the  top  of 
Mount  Wasbingon,  at  least,  Ib  alranBt  constant  and  with  extreme  velocity, 
iu  a  direct  ion  the  reifrultant  of  which  is  almost  due  east,  and  there  are  no 
conditiona  apparent  to  throw  doubt  on  the  tjenerat  as^umptioa  that  this 
ii  the  returning  current  of  a  vast  aystem  of  atmospheria  ciit?ulritlon  to 
and  from  the  tropies,  priniaiily^  through  which  the  heat  and  humidity 
of  the  tropics  axe  widely  dtiTutj^d  at  both  the  northern  and  iouthern  tem- 
perate belts. 

But  I  propoi©  only  to  refer  to  some  deductlous  that  have  for  some  time 
past  impressed  nie  w^th  great  force,  as  to  the  origin  of  certain  almost  in- 
explicable  facts  of  our  climate,  at  point*?  near  the  northern  border  of  thia 
system  of  circulation  i  and  particularly  in  the  colder  parts  of  the  United 
States,  east  of  the  Rocky  Mountains,  in  wtntort  and  indeed,  \x\  all  the 
ocM  moutha*  I  had  the  honor  to  lay  before  this  Soctcty  on  a  for  me r  oc- 
casion, s-nne  singgestions  as  to  the  origin  of  the  extremes  of  cold  observed 
at  vaiious  pi»iuts,  chit^lly  of  the  northwestern  interior,  and  to  express  the 
conviction  thsit  these  extremes  wei*6  not  propagated ^  or  transferred  nloijg 
the  Eurfai  0^  a»  a  part  of  what  is  usually  thouj^'ht  to  be  the  surface  circu- 
lation from  the  west  \  and  also  that  they  do  not  move  dowTj—that  la, 
along  the  surfaco^-from  the  north*  or  from  any  other  ptiiiit  of  thi^  com- 
pass. On  tlie  contrary,  they  appear  to  be  imiiiuied  or  tihtbht^hed  at  the 
}>oint  of  their  most  extreme  existence,  as  if  brought  down  from  the  upper 
atmosphere,  or  as  if  the  ros*ult  of  tho  nction  of  causea  extraneous  to  ilic 
earth's  atmosphere. 

Tho  recent  extension  of  observations  to  the  territories  of  the  p1ain«« 
and  to  posts  on  both  isides  of  the  Rocky  Mountains,  has  given  ns  a  m*w 
basis  ol"  Hicts  for  the  discuf;siou  of  the  symmetrical  climates  of  the  Ki*tern 
United  Btatcn,  as  1  may  call  them,  since  their  principal  changes  ara 
naually  qtrir*  symmetrical ;— and  it  has  disclosed  tho  fact  that  ni>  sjpin* 
metry  or  corro^pondenc©  of  phenomena  can  \m  traced  across  the  Rocky 
Mountains,  connecting  any  great  storm,  or  imy  area  of  excessive  heat,  or 
^xooK«i¥0  oold,  with  any  like  condition  at  the  east,  I  have  been  particu- 
larly ubservant  of  such  facts  as  T  contd  obtain  in  regard  to  this  point 
along  the  inuihern  belt,  for  the  purpose,  first,  of  tracing,  if  pos»ible»  lire 
origin  of  Uic  remarkable  extremes  of  ci^ld  o^^curring  in  T>akotii  and  Min- 
nesota;  and  have  spetit  much  time  In  examining  thcKe  caM^s,  wilh  the 
itsult  of  coming  to  the  conclusion  liiat  there  is  abstilutcly  no  oonnection 
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or  movement  from  Oregon  or  Wftshington  Territoriea  eastward  tuthe 
oouritiy  of  tli©  Upi>er  5IisBoiw)»  or  bo  tba  line  of  Red  River  of  Ibf  u^rth. 
TIkuio  13  no  progressive  mj^i'cli  of  a  refrigerated  area,  or  of  a  barometrie 
ilepresaion,  along  that  Uae  from  west  to  east  across  the  niountainft.  And 
tlie  line  M separation  fs  far  east  of  tlie  mountains  tbemftehes,  apparently 
miaa  sm  the  Yellowstone,  nearly ,  though  of  course,  there  is  some  partial 
<iorT«0X^ndence  of  pheuomena  west  of  this  line,  and  some  general  relation 
uf  the  liriaoipal  conditions.  And  here  I  ant!L'ipat«  the  more  precise  re* 
ftull*  T  hope  to  obtain,  in  explanation  and  corroboration  of  tbeRe  positions, 
in  tinier  to  put  forth  a  Tiew  of  the  causes  of  these  phenomena  vhi«h  ap- 
it  to  me  ncw^  and  which  I  hope  others  will  e^tamine  also.  It  is  that 
%Xw  nystem  of  atniospharic  circulation  before  referred  to,  there  mnat 
lie  a  general  descent  of  atmospheric  volumes  to  the  surface  at  or  near 
llie  northern  border  of  the  belt  j^that  this  descent  i/iaj  be  of  masseH 
socaetime^  large,  and  depleted  of  both  beat  and  moisture  liefore  thay  de- 
iceml  ;-*that  d^jscending  volumes  may  come  also  froin  the  adjacent  at- 
ffliosphero  on  the  nurlb,  not  containing  heat  or  moiatur©  brought  from  the 
tropicii ;— -and  that*  as  a  genttral  fact  these  cold,  dry  masses  of  aii'^  sink- 
img  quietly,  or  pimred  down  with  force  and  violenco,  to  spread  over  the 
tnrl^  as  cold  and  violent  winds,  do  eauAy  many  otherwise  inexplicable 
estlremes  of  cold  in  the  wintor  and  sprin^f  particularly, 
The  descent  of  niasijes  of  heavy,  cold  air,  must  often  be  induced  simply 
fill  th*  void  caused  by  contraction  of  the  volume  of  air  from  which  rain 
ifltd  snow  falL  All  along  the  belt  of  westerly  windi^  this  contraetion  is 
going  oUf  and  this  very  lapidly  during  all  the  colder  months.  Moving 
with  a  constant  motion  toward  the  earth,  as  w^ell  as  along  the  surface,  it 
ii  only  a  natural  I'icissitude  of  this  condition,  that  the  descending  mass 
KliQuld,  at  intervals,  be  poured,  like  a  mass  of  cold  water,  over  the  border 
ef  the  humid  btdt,  producing  the  extremes  that  so  often  appear  to  ttrike 
d^itn  frtftn  ahore^ 

T  do  not  i^'member  seeing  much  reference,  hitherto,  to  descending  vol- 
amcti  of  air  on  the  northern  border  of  this  belt  of  circulation,  yet  as  the 
tmiie  winds  steadily  withdraw  the  air  beneath,  toward  the  tropics,  it 
list  necessarily  return  above  \  and  it  must  descend  as  it  returns.  If  all 
'se  movements  were  perfectly  regular^  we  should  see  no  spasms  of  se* 
verity,  but  as,  in  fact,  there  are  many  days  of  steadily  expanding  heat  in 
aprintj,  the  days  on  which  tiie  contraction  occurs  are  only  the  moru  vio- 
i,  Hence  those  heav^y  pouiing  winds,  that  bring  suoh  severity  of  cold 
ring  the  spring  months  ;  winds  wliich  are  neither  winds  of  propulsiont 
nor  of  aBpLration,  but  merely  the  forcing  down  of  cold  masses  of  air  from 
the  upper  atmosphere,  to  spread  along  the  surface  to  some  extent,  but  to 
bo  perpetually  i^e rutted  and  renewed  from  above.  An  ea^y  experiment 
will  illustrate  the  condition,  by  dropping  the  upper  sashes  of  high  win- 
da  wa  in  a  healed  room  on  a  cold  day,— the  downward  movement  will 
prove  unexpectedly  t-vngible  and  heavy,  and  as  oonspiouously  marked, 
almost,  m  if  water  were  poured  through  the  windows. 
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On  several  oocaslima  during  ibe  preseot  month  of  April,  the  wentlier  In 
the  seaboard  States  has  exhibited  tbia  jthenomenon.  All  of  the  seirerely 
cold  we^^ther,  for  the  seasont  haa  been  inilmtfd  at  the  point  where  its 
greatest  MTority  was  experienced  ;  not  being  trattsferred  along:  the  sur* 
face  frotn  any  point  at  the  west^  or  at  the  north.  For  many  days  of  the 
pr«isent  motitli  [April )  these  cold  and  heairy  winds  hftv©  been  felt  in  th© 
oountry  east  of  the  Alleghaniee,  when  in  uo  single  instttnce  that  [  can 
traae,  has  there  been  anyeonnection  or  conformity  of  movenK-ni  from  Uje 
western  or  northern  interior.  Like  severity  haw  often  eatisted  there^  but 
the  faeti  and  all  its  TeUttons,  waA  local  in  this  Bem^^  or  wa^  not  connected 
pr  oontinuoui  with  other  districrts. 

When  the  enormons  frietion  of  atmospheric  contact  with  the  surface  ii* 
taken  into  account^  it  must  be  appai^nt  that  there  can  b«  few  winds  of 
propulsion.  1  think  it  may  be  fairly  assumed  that  the  greater  number  of 
winds  In  cold  weather  particularly,  are  fffindt  that  rff*«nf/,  and  that  t» 
this  descent  most  of  their  continued  fore©  Is  due.  On  Saturday,  April  It* 
and  Sunday,  April  13,  the  thermometer  fell  at  Washington  under  the  in- 
tluence  of  these  obviously  descending  winds  until  in  the  nlgbt  of  the  I2th 
it  reached  a  minimum  of  19'^»  while  for  three  days  previous  no  plaee  we^i 
of  the  AUeghttnies  in  the  same  latitude  was  below  5CP^  and  the  avei-»ge 
temperature  at  Fort  Sully,  on  the  Missouri,  1200  feet  above  the  soil,  and 
In  latitude  45"^'  north,  was  as  warm  as  at  Philadelphia,  at  sea  level,  in 
latitude  i^  K.  This  remarkable  depression  of  temperature  could  not 
have  been  due  to  radiation,  siuc45  all  the  areas  west  and  north  wore  even 
more  exposed  to  radiation,  being  clear  and  cahn  ;  nor  was  it  due  to  north 
or  uorthwest  winds  propagated  along  the  surface,  for  there  had  been  no 
cold  winds  from  these  points  at  the  west  or  north  for  several  days.  Hor 
was  there  any  general  storm  to  elTect  a  displacement  or  shrinkage,  at 
least  no  storm  on  the  continent.  There  may  have  been  some  geneml 
stonn,  or  shrinkage  at  sea,  however,  facilitating  or  inducing  a  d^^fsnt  of 
hea^if  mm»€%  &f€&\d  air  from  abom  to  supply  the  partial  vacuum* 

I  venture  to  assume,  therefore,  a  large  measure  of  influencci  in  causing 
extremes  of  cold  In  these  Utitndes  to  the  descend ing  volume  of  air  inci- 
dent to  the  shrluking  and  wasting  of  heat  and  moisture  from  the  atmos^ 
pheric  current  eastward  in  the  course  of  traversing  the  continent.  Its 
northern  border  is  perpetually  invaded  by  fitful  alternations  of  displflce- 
ment ;  sometimes  getting  calm  and  intensely  cold,  to  reduce  the  teuipera- 
tuie  in  winter  to  ICP,  2(P  or  30°  below  Kero  ;  and  iu  spring,  whnn  the 
general  accession  of  beat  gives  a  more  free  play  of  the  foi^ces,  a  frequent 
recunenoe  of  heavy  northwest  dry  wind«»  poured  fr&m  ab^ve^  and  from 
the  north,  displacing  and  conden&inji,^  the  local,  or  surface  atmosphem ; 
and  this  overflow  i»  almost  constantly  repeated  until  the  whole  system  of 
circulation  has  been  swept  beyond  our  limits  at  tlic  north,  by  the  advance 
of  Etnmmcr,  DuHug  most  of  the  iummer  months  the  rarifyiug  and  ex* 
pairding  forces  prevail  so  completely,  as  to  remove  all  these  i»hetiomena 
far  to  the  Dorth,  or  possibly  to  ftnother  heinhfphere. 
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Wd  shall  undoubtedlj  be  compelled  to  revise  our  views  as  to  the  pri- 
marj  or  leaciing  condition  of  general  storms*  Tbo  barometer  is  by  no 
ntemis  a  ceilaitt  guide,  and  instances  of  severe  storms  with  continuing 
hif{lj  pressure  through ont  are  frequently  recurring.  The  recent  fevere 
tumtk  of  Saturday  and  Sund^ij,  April  35th  and  tJBth.  This  storm  began 
with  the  banuneter  ,15  above  the  mean,  and  scarcely  fell  below  the  meau 
(of  JW>.  inclies)  after  ten  ur  twelve  hours  of  continued  severity,  and  when 
»t  it&  height  here,  on  Saturday  evening.  At  Pittsburgh,  Cincinnati, 
LouisviUet  &c.,  Iheri  was  also  no  perceptible  depresdou  below  the  meatr, 
the  barometer  being  generally  at  almost  exactly  30  iuchea.  No  storm 
wm  luiticipat^d  by  the  signal  office*  nor  were  there  any  eTidenees  such 
as  usually  appear,  juslafying  anticipations  of  a  severe  storm*  Yet  few 
itotms  have  been  m  severe,  the  N,  E,  wind  of  Saturday  night  being  em- 
tr«nieTy  heavy  herfe,  while  northeastward,  to  Nova  Scotia,  tlie  slow  but 
oertalti  {progress  continued  throughout  the  day  and  night  of  Sunday.  On 
Monday  moruingi  it  is  true,  a  considerable  barometric  depres^iou  appears 
lo  Mmine  and  Nova  8cotia,  of  half  an  in'sb,  or  more,  in  places,  but  this 
«|ipeara  to  have  set  in  eastward  of  New  York,  almost  exclusively.  Th<> 
itorm  was  violent  and  long  continued  at  New  York  and  soul li ward,  with 
very  little  barometric  depression^  not  enough  to  warrant  expectations  of 
&  stonu,  or  any  severity  of  winds.  There  have  been  several  conspicuous 
inAtances  of  a  similar  character  since  the  Signal  Service  observations  gave 
Oft  inch  eicellent  opportunities  for  observation. 

I  repeat^  tliat  the  evidence  is  cumulative  in  support  of  the  position  that 
the  tttmot^pheric  mavemeut  in  the  colder  seiwons  in  these  latitudes  is  one 
of  constant  descent  of  volumes ;  that  the  cold  gales  of  the  spring  months, 
strike  in  at  areas  east  of  tlie  Alleghanies  from  the  iiorthwest,  when  they 
ire  unknown  west  of  that  line ;  and  ocear  in  repeated  instances  not  only 
irben  by  no  possibility  thej  could  be  continuous,  or  connected  with  like 
EUOYemcnte  propagated  from  the  northwest,  but  also  when  the  wmdSf 
Sren  ao  near  as  Pittsburgh t  blew  all  the  time  in  an  opposite  direction. 

The  almost  inexplicable  phenomena  presented  by  the  Feverity,  the  per- 
iSale^ce  and  force  of  these  winds^  with  the  low  tempei-ature  they  bring, 
beooaie  easy  of  solution^  under  the  view  that  their  volume  is  perpetually 
renewed  at  all  points  where  they  prevail,  by  constant  jmuring  from  ahamSj 
is  if  a  eurrent  of  cold  water  was  renewed  and  enforced  in  its  movement 
hy  so  pouring  a  stream  dt^tPTiwardt  as  well  afi  along  the  surface,  i)ji  each 
of  the  lawt  three  days  the  facts  of  mich  forcible  descending  winds  were 
experienced  here,  and  during  the  full  period  of  ten  days  preceding  there 
Has,  as  the  Signal  Office  charts  will  show^  a  marked  absence  of  west  or 
aortbwest  winds  at  alt  points  of  the  western  or  northwestern  interior, 
firom  which  it  is  usually  supposed  these  high  cold  winds  04^  derived,  and 
propagated  eastward  along  the  sutface  to  the  Atlantic  Coast.  In  fact, 
fi»  a  week  from  April  25th  to  Hay  lat,  tbo  weather  was  warmer  at  Pem- 
bina* Ut.  40-J  N,,  than  at  Philadelphia,  in  42^^  N,,  being  44*^  for  the  1  A. 
M,  observation  at  Pembina,  to  42^  for  the  uame  at  Philadelphia. 
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METEOROLOGICAL  PECULIARITIES  OF  NEW  ENGLAND. 

By  William  F.  Changing,  M.  D. 

{Read  before  the  American  Philosophical  Society,  May  Ist,  1874.) 


For  twenty  years  I  have  noticed  an  invariable  coincidence  between 
the  appearance  of  ice  in  quantity  on  the  Newfoundland  Banks  or  neigh- 
borhood, and  an  unusual,  often  constant  rainfall  in  New  England.  This 
rainfall  appears  to  be  in  proportion  generally  to  the  amount  of  ice,  and 
it  is  followed,  I  think  always,  by  a  dry  period,  perhaps  a  drought  of 
several  weeks,  the  drought  apparently  having  some  proportion  to  the  ex- 
cess of  previous  rainfall. 

The  appearance  of  ice  on  the  Banks  or  neighborhood  varies  in  differ- 
ent years,  from  April  to  June,  and  the  wet  spring  and  summer  drought 
are  early  or  late  accordingly.  Many  years  the  quantity  of  ice  is  small 
and  the  disturbance  of  the  rainfall  is  hardly  noticeable.  I  am  aware  how 
many  observations  are  required  to  establish  a  meteorological  law  for  any 
part  of  the  earth's  surface.  I  therefore  only  venture  to  ask  attention  to 
these  coincidences. 

There  is  another  obvious  peculiarity  in  the  meteorology  of  the  New 
England  coast,  due  to  its  geographical  position.  The  projection  of 
Eastern  Massachusetts  and  Rhode  Island  into  the  Ocean  may  be  com- 
pared to  a  nose  on  the  Atlantic  profile  of  the  couutry.  It  happens  hence 
that  storms  following  a  course  parallel  with  the  coast,  but  either  just 
inside  or  outside  the  coast  line,  will  in  the  one  case  pass  entirely  inside 
the  projecting  shore  of  New  England,  and  in  the  other,  sweep  over 
Eastern  New  England,  without  warning,  while  the  rest  of  the  country 
enjoys  average  clear  weather.  From  these  two  prooeedins^s,  land  storms 
passing  inside,  and  sea  storms  extending  over  the  coast  from  Cape  Ann 
to  New  London,  it  results  that  the  weather  predictions  are  more  fre- 
quently falsified  over  this  region  than  perhaps  on  any  other  part  of  the 
coast  or  interior.  And  yet  no  pai*t  of  the  American  Coast  is  more  densely 
thronged  with  vessels  in  both  the  coasting  and  foreign  trade. 

It  would  seem  desirable,  for  the  study  of  the  ocean  storms,  which 
sometimes  thus  touch  New  England,  (as  well  probably  as  Ilatteras),  to 
extend  the  Signal  Service  to  the  Bermudas  (by  a  special  cable)  and  also 
to  Nantucket,  and  generally  to  extreme  outlaying  points  on  the  coast. 


jBetid  b€ft>n  ths  Amitiean  Phil&»&pkicett  «Scw*  f *>,  Mag^  1*1,  IW$-L) 

On  the  I9tii  of  September,  1873,  I  ^resc&trcl  to  tli«  Socl^ir  i^erlaiu 
mws  wliich  j&s  it  seemed  to  me  ofl'erecl  ft  satmfftctoif  em|itaiiAtio»  of  the 
diAOge  of  €?olt*r  undergone  by  the  moom  daring  tUe  f^ssaggtj  of  tlie 
lirilighi  circle  over  her  diso.  I  stated  ^1  th4t  time  that  «»inc^  whAI  Light 
W€  get  from  the  mt.nyxi  u  reflected  Aokxkr  light,  wbidi  bo  fm  u&  w«  ma 
diaaofwr  has  mi0«rcd  do  changie  on  the  surface  of  Xhn  moo  *  it  would  be 
niiursi  to  .«;upi*iise  th^  the  eolor  of  the  lighl  would  be  tha  &Mun  as  thmt 
oithti  Still's  IJght. 

Tim  Sim's  liglit  Ifl  well  known  to  be  omoge,  and  Ihe  Mooii^«  in  the  daj 
time  white^  while  a^  ni^bt  t!i(!  !;itt«r  exhibits  tlie  same  color  a«  the  Sun, 
tlimigh  the  light  is  vastly  more  feeble* 

That  tub  chUQge  of  color  in  tlie  Moon  depends  npon  the  position  of 
!  oliserver  rektive  to  the  Stin  tWre  caiv  be  no  doubt,  and  it  h  equally 
liii  that  IIk>  phCDOmetiou  is  of  »tinriF)pheric  origlu,  for  the  moon  still 
I  f<nr  Botne  time  afler  the  Sun  hji£  set* 

ftll  »up|K>§e«»  the  blue  oolor  of  the  fiky  be  due  to  tho  scut- 
tfidtjg  of  the  £mjUler  waves  of  light  by  the  iutioite^sinial  particles  or 
mni^j*  of  the  upjjcr  atmosphere  ;  and  if  the  paths  pursue  1  by  these  re- 
ikcic^  blue  waves  be,  as  ©xpeiiment  proves,  ia  all  directions  from  all 
pfluts  of  thifi  attenuated  mat&er,  the  change  of  color  may  be  easily  gx» 


ThuH  the  Sim  appears  to  us  orange  or  yellow*  because,  of  tlie  waves 
flOttiBlituting  white  ll^rht^  which  impinge  upou  our  atm<3sp!ier(\  a  greater 
proportion  nf  blue  than  of  red  and  yellow  waves  are  scattereil,  Of  these 
waves  Umt^  scattered,  a  large  proportion  is  thrown  out  again  into  f^jMice, 
while  what  remain  are  si^nt  iu  all  directians — even  directly  towaitls  the 
San. 

This  is  one  mu$4  of  the  bluenees  of  the  sky,  if  not  the  only  one. 

^Vlxeti  the  Moon  is  sliining  at  night  the  same  conditions  art;  fuliiUed* 
X  i^mall  fraction  of  the  Sun^s  light  i^j  thrown  unchanged  loto  our  atmos- 
phere and  suffers  the  same  tfllteriDg  which  his  beams  in  daylight  undergo; 
with  this  difference-,  that  as  the  blue  rays  are  very  inferior  to  the  yellow 
In  lumlnousnesa,  the  more  the  amount  cf  light  is  diminished^  the  brighter 

latively  to  tho  whole  amount  will  appear  these  scattered  rays  j  and 

Vhr>  ^hjf^xtnti  ituKt  If  th6  wixvm  of  lli^ht  wetn  thuf  illled  b^  tenuotts  tti»tt«r,  tlioiiB 
«f  Ivast  Uii^h  (ftr  tho  lilira  riolet)  would  liBtisn  their  color  to  Lh«  Bkj  Is  InmliJ  bo. 
e«iL»e  TynAnn  hm  ihown,  ami  evciy  one  eaa  item#nftrJitft  for  htniMir,  that  tlio  earlleal 
•ppeAriuxc«  of  cM»Jor  In  a  medlam  In  which  InflaHeBiLmftUy  floa  psrtlde*  uf  umtUr  mrv 
I  If  tilM.    VIdo  '  <  B  iBB  «>lor  of  i ky , "  Jte. ,  Ty ndalt . 
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tboE  it  liaui^QB  ^at  in  a  dear  moott- light  nigUt  the  akj  ib  muck  more  ! 
(itriktngly  blue  tbaa  tUe  same  slcy  wotild  ho  at  mid-day. 

When  the  Moon  shiacs  in  the  day-time  wo  must  suppose  tlmt  the  mys  ^ 
»Ue  8end»  to  us  are  affected  in  precisely  the  same  way  as  at  uight.  If| 
flho  appear  white  (as  is  the  ca«e)  it  must  be  owing  to  an  addttioD  to  thi^ 
Uglit  of  the  comtituents  wlach  it  has  lost,  viz.,  blue.  Wo  know  that 
these  waves  are  cottiing  to  the  eye  f  rora  every  part  of  the  sky,  and  there- 
fore from  that  pait  occupied  by  the  disc  of  the  Moon^  and  henccs  Ihe  iiv* 
ference  is  natural  that  this  contribution  from  the  store  of  the  Sun'n  light 
just  raakt%8  up  what  was  necessary  to  produce  white  light,  and  that  as 
thm  acceswiou  can  go  on  after  the  setting  of  the  Sun,  and  until  the 
twilight  circle  has  passed  over  the  Moon,  the  whiteness  of  the  latter  will 
commence  to  fade  as  the  thickness  of  shell  of  direct  rays  diminisheE^^  aiid 
the  maximum  of  rieviatton  from  the  color  (under  given  conditions  of  the 
atmosphere )  will  be  reached  just  after  the  Sun  has  reiiohed  a  point  in  the 
heavens  whenoe  the  last  direct  ray  tan^jcut  to  the  earth's  surf^tce  falls  in 
the  up;>er  limits  of  iJic  atmosphere  on  a  line  joiuiug  the  IMoon  with  the 
eye  of  the  obsei'ver.  i 

But  there  is  a  practical  mode  of  teitiog  thia  hypotheeia,  wliich  is  de- 
pendent upon  the  polarization  of  the  sky  light  in  directions  perpendicu- 
tar  to  the  Sun's  rays.  . 

When  the  Moon  is  in  her  llrst  quarter  slie  lies  In  just  this  direction 
from  the  observer ;  and  since  the  blue  light  from  the  Sun,  which,  added 
to  her  own*  causes  her  to  appetir  white,  is  polarized,  tlie  JVIoou  when 
viewed  through  a  Nicole^  prism  by  day  ought  to  app*?ar  orange. 

Thia  observation  ha^  been  many  times  repeated  by  me,  and  the  reeulta  | 

aro  precisely  those  anticipated. 

Owing  to  the  fa«^tthat  there  is  Rlwayg  some  unpolarised  light  received 
in  thi^  direction  the  change  of  color  h  not  quite  so  marked  as  is  that 
from  day  to  nighti  still  the  change  is  very  atrikiug  and  unmist^kablei 

There  is  another  cause  for  the  blue  color  of  the  sky  which  is  the  efiTect 
of  contrast  in  the  eye.  If  all  the  light  which  was  retlected  waa  whits  | 
light  and  very  generally  diffused  over  the  firmament,  the  effect  of  the 
bright  yellow  orb  of  the  Sun  or  Moon  would  be  to  tinge  this  light  with 
blue  BO  fivr  as  the  subjunctive  phenomenon  was  coucemed.  But  that  this 
does  not  ejc plain  the  whole  of  the  phenomenon  is  evident  from  the  f»ot 
that  tho  blue  light  obtained  by  Tyndall  from  hh  decomposition  tulw* 
was  also  polarized  in  a  direction  perpendicular  to  tho  path  of  thtf  bcratn. 
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NOTE  ON  THE  SOMEIISET  COUNTY  COAL  BEP3  IN  PENN- 
SYLVANIA. 

Bit  John  Fultoit, 


{I2iad  bfff&rs  1^  Amerkan  Phihs&phieal  Boektff^  May  lii;  1374.) 

In  A  receut  pr^^fes^sioiial  Tislt  tO  Bomerset  eount^,  I  obtaiiied  a  vertical 
lectioo  of  ti  portion  of  the  Lower  Coal  Measures,  As  this  part  of  the 
Slate  b&ii  be^tii  until  quite  recently^  «lJUt  out  frt*m  iuvesligation,  I  pre* 
•amad  thui  this  »cak  would  be  iutarcBting,  and  I  rcHpootfully  eitbuiit  it. 

Til*  section  was  obtained  from  recent  coal  explorations  near  the 
▼illaiga  of  Garrett,  on  the  Pittsbmi^  and  (omielkvine  Hmilroatl,  At  this 
plmsis,  the  SenLl  Conglomerate  is  very  clearly  devek>ped|  risiug  gently 
wtwtward  an  the  eai^ierD  dauk  of  Ne^ro  Mountain. 

Negro  Mountain,  or  rather  tlie  Anticlinal  hearing  Ihia  name^  plows  up 
the  middle  of  the  dr&t  gi'eat  bai»in,  dividing  it,  at  this  place^  into  two 
shallow  troughs  having  their  greatest  depth  of  coal  measures  uear 
MeyL*r'»  Mills  and  Bear  Cre«k — the  whole  lying  between  the  Alleghany 
fountain  on  the  east,  and  Laurel  Hill  on  the  west. 

Ofi5r  the  back  of  Negro  Mountain,  the  coal  meaaurcs  and  conglomerate 

1T«  been  swept  away,  leaving  uncovered  the  red  back  of  thii  large  anti- 
EiaL 

Ctistlctnan't  River  cuta  di>eply  across  the  Negro  Moantafn  antlclinaJ, 
uiifolding  a  natural  geological  scctiottp  which  has  been  further  elabora- 
ted by  the  railroad  cuUlngB  along  ltd  northern  bank — the  vtholeafTording 
Quusual  facilities  for  studying  Formations  XI  and  X1 1|  with  the  posture 
and  stTtitigraphy  of  the  coal  measures  sboreing  on  either  flanks 

Boglnnifig  in  the  niilroad  cuttiug,  imiried lately  west  of  Gairctt  Sta- 
tioUj  tlicj  Beral  Conglomerate  can  be  studied  up  to  its  floor.  In  this  cut* 
I  thin  seam  of  impure  coal  has  been  brought  to  Hjjht,  It  abo  ex- 
Wk  rather  unusual  plunge  of  the  strata  east w aid,  carrying  the 
fncmmrcn  down  300  feet  in  three  quarters  of  a  mile — with  this  exception, 
t^  «)e$i£ures  exist  under  very  gentle  dips. 

The  Conglomerate,  in  its  mechanical  structure  and  geneml  appearance, 
neMrmbles  very  closely  Broad  Top  and  Clearfield. 

I  did  uot  ohUtin  its  total  thickness  hat  examined  over  900  feet  of  it, 
lob  Indicates  a  gruater  depth  than  at  Broad  Top. 
lie  tlo*ir  line  is  distinctly  marked  in  a  bold  cliff  outcrop^  10  feet  deep» 
of  imth^r  massive  Conglomerate,  slashed  with  clearage  planes. 

On  Lb  is  it^sts  a  belt  composed,  at  its  base,  of  thin  platen  of  aand  stone 
gndttatiug  into  shales  and  blacks! ate  as  it  approaches  the  (A)  coal  seam. 
Tlae  division  has  been  terraced  with  a  flat  slope,  from  the  brow  of  the 
Ocuglomerate  to  the  coal  ^a:n,  proflUng  the  two  horizons  very  dis- 
tinctly. 

Tbe  tlrst  coal  team  rests  on  a  thin  door  of  fireclay^    The  ooal  bed  has 
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two  benches,  the  lower,  18  inches  thick,  is  an  impure  cannel  coal  inclin- 
ing to  block  structure— the  upper  is  a  medium  quality  of  semi-bitumi- 
nous coal  with  the  well  marked  columnar  structure  peculiar  to  the 
Alleghany  coals. 

The  interval  between  this  and  the  next  small  coal  seam  is  composed 
of  thin  plates  of  sandstones  with  olive  colored  shales. 

The  second  workable  seam  (B)  is  pre-eminently  the  bed  of  the  Lower 
system  of  coal  meamres.  Not  perhaps  so  much  from  its  size  and  good 
quality  of  coal,  as  from  its  ready  and  sure  identification,  wherever  it 
exists,  by  the  massive  bed  of  limestone  on  which  it  rests.  The  farmers 
trace  it  from  hillside  to  hillside,  regarding  it  with  peculiar  affection  as  a 
double  gift— not  only  supplying  fuel  for  domestic  use,  but  aho  lime  to  en- 
rich t)ie  '* glades*'  in  their  mountain  farms. 

The  coal  in  this  bed  is  columnar  in  structure  with  plates  of  mineral 
charcoal  disseminated. 

In  structure  and  quality  it  is  closely  associated  with  the  best  Clearfield 
coal.     It  will  be  found  a  superior  fuel  for  iron  working. 

The  third  seam  (C)  is  all  pure  coal  of  an  excellent  quality,  but  as  the 
bed  is  high  in  the  measures  and  does  not  occupy  a  wide  area  in  this 
portion  of  the  field,  it  has  as  yet  received  little  attention. 

From  seam  B  to  the  top  of  the  scale  the  measures  are  composed  of 
very  soft  flesh  and  olive  colored  shales,  which  have  been  loundcd  and 
softened  into  easy  rolling  slopes  and  rounded  hills. 

Some  pieces  of  the  blue  and  drab  colored  carbonate  iron  ores  of  the 
coal  measures  were  shown  me,  but  their  places  in  the  fccale  were  not 
clearly  made  out. 

The  coals  from  the  Lower  Measures  have  thus  far  only  found  a  local 
demand.  Evidently  the  time  has  not  .come,  or  the  right  channel  been 
opened  to  this  great  ocean  of  mineral  fuel.  It  is  yet  like  the  Dead  Sea, 
it  has  no  outlet.  True,  the  Pittsburgh  and  Connellsville  railroad  has 
opened  channels  to  the  markets  east  and  west,^  but  the  law  of  supply 
from  the  large  and  excellent  *^  Pittsburgh  seam,"  west  and  east,  is  found 
as  inexorable  as  the  law  of  gravity,  in  holding  back  the  Somerset  lower 
coali,  for  the  present  at  least. 

There  is  one  channel  to  market  which  is  being  discussed,  that  is,  by 
the  opening  of  a  railroad  connection  of  85  miles  from  Berlin  to  Mann*s 
Choice  on  the  Bedford  Division  of  the  Pennsylvania  Railroad.  This 
would  furnish  a  channel  for  these  coals  to  flow  into  market  side  by  side 
with  the  Broad  Top,  Clearfield  and  Cumberland  Coals. 

Saxton,  Bedford  Co.,  Pa.,  April  17,  1874. 
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COSMIC  A  L    EYOLUTIOK, 
By  Pli^jt  Eaiu.k  CnASE, 
PROFEftson  OF  Physics  ik  HATEitFtiED  CollboE* 
'  before  the  A}fitrmtn  PAHoMQphtcal  Sockt^f  Ma^  15,  1S74.) 

W©  may  reasotii^bTy  assume,  Uiat  natural  la^s  wliicli  are  tlio  most 
geiRTuI  and  the  mo&t  eonstatit  are  n.lso  tbe  oldest,  aiid  that  increasing 
sin^ciAHzritiau  Is  an  indicjitlon  gf  iuGTcasing,  and  comparatively  ttjceut^ 
development. 

Thie  iielalion  of  laminous  undulation  tA  gravity  fnay^  j^erlmpa*  be 
n\ml  ^tisfactorijy  formulated  iu  the  following  tcrais  : 

At  art^  pnint  in  ip^rce,  pfnhdioti  mloeitj/  in  a  ptirah&lie  arbit  (or  its 
eqitWaloot,  the  vclodty  eommtmidated  by  infinite  grayitatin^;!  appuluion 
to  the  cnme  point)  w  a  iuean  pro^ioHiutial^  between  the  ifar table  7nfftn 
uUHfg  fjf  t?tt  ^fi4>r-^radittl  oiitiUaiion  due  t&  «olur  rvttttwn^*  ami  Ih/  r^ti- 
itnni  rtl^eity  of  tttjht.  In  otlier  wordsj  if  f"  —  time  of  solar  rotation 
under  a  volume  of  any  assumed  rndtus,  r, 

Since  this  formula,  with  the  modiileatlons  indie  ited  by  Thesis  21,f  is 
aiipHcable  to  all  possiblp  orbital  motiona  about  the  Sun^  as  well  as  t  >  solar 
rcitatioii  and  aolar  motiuu  in  space,  it  seems  to  represent  the  most  gene- 
ral, and,  tlierefore,  tbe  ultlest  physical  law  yet  discovered,  f 

KcJtt  in  point  of  generality^  ap(>eara  to  be  the  relfttionship  of  orbital 
belts  to  the  pointy  towards  or  about  which  every  particle  of  our  system 
i*  ptfrpetually  oi*<ulbaing  or  tendiog  to  oscillate,  viz,,  the  mean-pen- 
helion  centre  of  gravity  of  our  binary  starg  (Sim- Jupiter)*  Tbe 
"-series  of  multiples  of  tbe  primary  radius  which  is  determined  by  that 
MBlre,!  fixes  the  major  axis  of  aolar  revolution  about  the  stt^Ilar  centre 
of  gravity,  decides  the  relative  masses  of  the  Jovian  and  Telhmc 
•jbUhuhI  and  groups  the  plaueU  into  pairs,  tbe  points  of  division  corres* 
ponding  with  iucb  apsides  of  Mercury,  Earth,  and  Buturn,  as  recsent  in- 
VfAtigations  bave  shawn  to  be  actnally  conflated,  f  brrmgh  mutual  plan- 
ctaiy  Inteniction, 

The  next  steps  in  the  development  of  planetaiy  order,  were,  perhaps^ 
the  itxing  of  nn  outer  limit  to  the  system*  at  sucli  distance  that  the 
psuieage  of  a  light^wavef  from  its  linear  eentie  of  oscillation  to  tbe  sun, 
is  synchronous  with  the  time  i»f  planetary  revolution  at  the  8un^i  sur- 
faoe  \**  the  establishment  of  new  centres  of  inertia  at  harmonic  nodes  t 

*  Tbv  Snn^  Tolums  being  ivppoiBil  to  uxpArit  or  eotitnitit,  homo^enf^oikftlr,  lo^  the 
flteiipolftt. 
f  Ffttc  Amer,  PhtlD.  Soc.^  AiirU  IT,  M14. 

%  ytH  *n*i  11K  *n*  a^n^K  i3>e^i   aemm,  1 3. 
I  iiiL  in,  sqii. 
\  lUi.  aw,  tn 


OiiWj 


IGO 


[Mstf  IS. 


and  the  determluatton  of  orbital  eccentx-icities  by  the  blendmg  influence 
of  linear,  glrcularj  sph^rlCLil,  and  barmonio  undulations,^ 

It  is  evident  that  every  planet^  satellite^  or  other  rotating  and  revolv- 
ing globe,  may  have  itB  principal  rnQtione  formulated  by  the  contiumjd 
proportion, 

T^   :  ^.'2^  :  :  i/2gr  z  \^f>^  —  ^^  )  ;  e*  being  constant  for  ©acb  body, 

under  every  possible  vari.ltion  of  fr,  r,  and  (",  The  vaiions  primary 
eoemical  velocities  baviug  t^een  determined  by  the  general  ujtbereal  undu- 
lations, and  the  arrangement  of  the  planet t  being  dependent  on  subor- 
dinate bannonic  undulations,  we  may  reasonably  look  for  various  meand- 
aru  values  of  t}^  having  a  similar  dependence*  indicating  a  rektion- 
fiUip  to  solar  centrifugal  impnbion,  analogous  to  that  of  the  primary 
velocities  to  se  the  real  centripetal  iaapulsion,  and  marking  a  further  pro* 
giess  in  development. 

The  equilibrium  of  solar  centrifugal  find  centripetal  forces,  indicated 
by  the  equation  t?  =  y  gr,  is  a  majdmum  at  the  Bun's  surface-  This 
majdmum  velocity  Is  equivalent  to  the  constant  dtteimining  velocitj 

yv^j  for  Jupiter  and  Earth,  the  controlling  planets  of  the  e^xtra^aster-  j 
oidal  and  intra-asteroidal  belts* 

There  is  still  some  unoertainty  about  the  value  of  ("  for  any  plauet 
hut  the  Earth.  But  Proctor*s  disillusions  seem  to  leave  no  room  for 
any  important  error  in  the  case  of  ^lars,  and  the  lengths  of  days  at 
Jupiter,  Saturn,  Venus  and  Mercury,  are  known  accurately  enough  t*» 
furnish  data  for  satisfactory  comparisons.     If  we  compute  the  values 

-      or'  * 

of  1}     ^    ^-    from  the  commonly  accepted  elements,  and  i-egard  dlmiiw 

iahing  velcKjIty  as  an  evidence  of  increasing  inertia  and  lapse  of  time^  tins 
order  of  planetary  development,  after  the  two  principal  planetary 
centres  had  been  fixed,  appears  to  have  been  Venus,  Jlercuryp  HatufHt 
Mars^  the  inner  system,  as  a  whole,  being  older  tlian  the  outer. 

Evidences  of  increasing  complexity  ai^  found,  not  only  in  the  vaHcil 
simple  relationships  to  the  primary  radius/f  but  also  in  mutual  plane laiy 
associations.  The  points  at  whi^h  the  reactionary  centrifugal  unduhi- 
tions  would  have  communicated  velocitiei  equivalent  to  f  ^  for  Jupiter. 
Earth,  Venus,  and  Mereury»  am  all  within  the  aRterotdai  belt.  Th«  car- 
dinal point,  that  for  Jupiter  and  Enith,  h  ne*r  the  outer  afit**roidal  Mmit, 
nearly  midwaj  between  the  orbits  of  those  two  conU'nlling  plauets,  and 
at  nearly  a  mean  proportionate  distj*nce  between  the  Sun's  surfaue  and 
Saturn,  aa  well  as  between  Mercury**  perihelion  and  Neptune**  aphelion* 
Venus  and  the  Moon  are  related  to  the  Earth,  nearly  as  Keptun«  and 

*  If  lit  ^=  taioi  or  m&y  pla.nH  or  sftt«UUe,  In  ualu  of  Stm'A  mMB^  v«  hsv«  tbo  goiM^ 
ttA  turmaU  f  —  -.ff-  «  i*^  bting  II mo  of  loljir  rotalloa  for  rmdim  r. 
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Menciiry  to  ih©  Sun,*  nnd  their  gBocentrio  moiionit,  &k  well  as  th« 
terreiitnaJ  value  of  g(\  (('  Wm^  tUe  time  ol  orbital  resolution),  are  ia 
itmplAt  nsliiticm ships  to  the  vekK?ity  of  light,  t  The  dcterinmhig  poi»t  for 
Suliirn  ft  in  thp  orbit  of  Mrtrs  ^  that  for  Mars^  near  Earth* a  perihelion. 

My  discussions  of  cxplo^-ive  o«cmation|  have  iuiiiuate*!  a  probable  de- 
fentJence  of  the  cbemical  taws  of  combination  and  diasociatiou,  npim  the 
taaie  forces  which  liare  determined  planetary  mass,  motion*  and  arninge- 
meiil.  They  mayi  therefore,  help  toward  the  further  extension  of 
the  Ktudy  of  tiui verbal  evohition. 

The  Altncist  inconceivably  niiniite  portion  of  the  mean  llght^wave  velo- 

tUf  (  Ttf^vTnmf  Th€»k  I4j  which  ftu^cu  to  explAin  all  the  graTitating 

I  motiooa  of  our  system,  ieem»  to  co^fmn  the  theory  of  M,  I^coq  de 
I  Boisbaiuli-an;  who  attributed  weight  to  the  longitudinal  rib  rations  of  the 
|a»tlier.  The  riews  of  Cauchy  and  Moigno^  who  Add  in  thoae  vibrations 
rlhe  od^n  of  h^at,  point  to  a  »till  morre  complete  Identifi cation  of  ther- 
|iaodynafiu€  ami  co*mieal  laws^  while  the  enoiinoui  excels  of  apparently 
[uniuied  ve]LM?ity«  m^iy  account  for  Laplace's  conclnsion  that  the  propaga^ 
kion  of  atti'^ctive  force  m  at  least  &is.  or  eight  million  times  as  rapid  as 
[lliat  of  lijfht. 

I  am  Indebted  to  Abbe  Moigno  for  a  copy  of  Father  Lemy^s  **Coa- 

f  ititiatiou  de  la  Mall  ere  et  Se*  Mouvenients,*' with  a  valuable  historical 

I  Preface  by  the  Abbe  himself.   This  very  intereeting  esaay^  like  the  goine- 

jwhat  earlier  dynamic  discussions  of  Challis  and  Nortoutt  demonstrates 

\  the  plauaibility  and  the  adequacy  of  Newton's  fetliereal  hypothesisi,     I 

hope  that  the  acc4>ix3ance  of  tliat  hypothesis  witii  the  fucts  of  Nature, 

which  I  have  pointed  out,  and  the  simple  mathematical  basis  upon  which 

I  have  rejited  that  j^uordance,  may  lead  other  competent  analysti^  t>  labor 

f  In  the  frame  tleld. 

Even  while  ending  thia  note,  I  find  some  new  and  interesting  correla- 
[  ticina  of  mass,  density,  time,  and  harmonic  undulation,  which  may  prove 
[lob©  iini*f»rt-ant.  If  wc  caH  the  diKtancej  at  wbicli  a  satellite  would  re- 
[voki?  about  a  planet  in  the  time  of  the  planct*a  orbital  revolution,  the 
ebrftnal  radius,  we  have  : 
t.  Til©  mass  of  the  Sun,  is  to  the  mass  of  any  planet,  aa  the  cul>e  of  the 
Fltlaitet^s  radius  vector,  i^  to  the  cube  of  its  iaochronal  radius^ 

t.  The  perihelion  radius  vt^cior  of  Jupiter,  is  nearly  equivalent  to  77' 
Itimef^  its  isochronal  radius. 

3.  Jupiter's  r:uiius,  in  to  its  Isochronal  radiu%  ^a  its  mass,  i«  to  8un*s 


♦  Earth's  isochronal  radium  is  a  mean  proportional  between  its  own 
ttts  and  Jupiter's  perihelion  radius  vector. 


•ali.«e,{l),iW;  imSi^T. 
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SliBCfTRICAL  SPECTRA  OF  METALS. 

HeSUUTS  of  an   ExAMINA-TfON   AS   TO  TOE  PRACTrC ABILITY    OP    A 85 AY- 

JNG  Mktai^  ttbep  in  Coinage*  by  means  of  Bpkctrcsi  Akalysis, 

MADE  JK  AJ4D  FOR  THK  ASKAY   DEfARTSlKHT  OF  THB   U-  S.    MlNT  A 
PlltLADELPUIA. 

By  AlSX.    E,   OUTERnRIDGE,    JiU 

C&mmunkaM  t^  the  Ant^rimn  Phihi&phienl  SorM^^  b^  Me.  W.  E,  D 
Bois^  Amt^jcr  of  the  Mmt,  May  ITuh,  11974. 

It  must  Lave  occurred  to  manj%  wlien  thii  brilliant  metUod  of  scientific 
rei*earcli  succeeded  in  detecting  tlie  presence  of  metalji,  in  any  given  »u 
stance,  eveD  to  an  infinitesimal  nicetyi  tliat  the  next  step  must  tie  to  di 
tennme  thepn?ji>or^iV?rt  of  such  preaence  ;  in  otiier  word«,  the  quaUiuU\ 
must  certainly  lend  to  the  quajiiiiatit^^  as  in  ctlier  cbemical  proeetsses. 

The  Annual  Ueport  of  the  Royal  Mint  at  London,  for  18T2,  (dated  15t 
«if  April,  13T3,)  contains  aa  official  memorandum  of  Mr.  W,  Chandlei^ 
Roberts,  Chemist  of  the  Miut,  from  which  it  appearB  that  he  was  engaged 
in  examining  this  subject^  at  the  KUjtgeBtiou  of,  and  ia  connection  withy^^ 
the  distingtiished  spectroscopist  and  aetronomer,  Mr.  J.  Norman  Lockyer.^^ 
ICo  decided  reitults  had  been  reached  ;  but  Mr.  Roberts  concluded  by  cjc- 
pres«ing  the  belief  'Hhat  every  effort  should  be  made  to  rentier  the  in- 
strument fterYiceabJe  in  the  opet-ations  of  minting/' 

The  present  modes  of  assaying  gold  and  silver,  both  in  alloys  aiid  i 
orcsj  have  been  brought  to  such  jwrfeotion,  such  accuracy,  delicacy  ani 
dispatch,  that  it  seemed  almost  a  matter  of  regret  to  have  them  snper*-^ 
^ded  or  disturbed.  And  yet,  there  is  something  captivating  in  the  idea 
a  detenu  iriatioUf  as  it  were  by  a  tlash  of  lightningf  or  in  the  twinkling  of 
an  eyCf  what  proportion  of  gold  or  silver  is  present,  in  any  bar,  or  coin, 
or  native  ore.     It  therefore  seemed  desirable  that  our  owu  I^Iint  should 
niainlam  its  character  for  examining  and  adopting  real  improvements^ 
and  uot  to  wait  indolently  to  hoar  what  mtgbt  be  done  abroad. 

One  of  the  assistants  in  the  Assay  Department,  Mr,  Alezauder  E.  Ou 
erbridge,  Jr.*  had  for  several  years  given  special  attention  to  spectrosc 
pic  studies,  both  in  theory  and  in  practice  ;  and  to  hira  thei-elbrct  llii 
uuhjcct  was  committed  ;  with  what  propriety  and  what  success,  wi 
iinfliciently  apiiear  from  what  he  has  written*  This  will  be  found  In  tl: 
two  following  communications  addressed  to  tlie  Assay er. 

The  detatU  be  has  given  are  well  worth  a  careful  stud;  ;  but  we 
not  help  noticing,  in  a  few  words,  the  astonishing  paradox  at  winch  h 
experiments  arrive  ;  namely,  that  this  method  is^  in  one  rcsiM^et,  by  t\ 
too  sensitive  and  minute ;  and  in  another  respect,  tAt  from  being  mtnuie 
enought  to  serve  the  uses  of  a^say.     It  was  worth  all  his  patient  labor 
many  times  over,  to  come  to  this  oonclasion ;  as  we  nmst  come  in  the 
present  state  of  this  branch  of  science ,    And  ifc  is  likely,  that  the  natu 
and  necessary  imperfections  of  ntetaUurgy,  the  want  of  complete  stomi 
hon^ogeneity  in  the  mixing  of  metals,  will  forever  prevent  the  apecti 
scope  from  taking  the  place  of  the  present  methods  of  assay* 

\a  Mr*  Outerhriclgc  has  been  careful  to  give  facts  rather  than  sup 
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fiitiuiiK,  he  lias  omitted  any  explanatiOQ  of  tlie  anomnlous  ragnlts  in  tbc 
linAl  part  of  hifl  report.  And  jei  it  seems  evident  tlmt  where  two  mcUla 
airw  present^  the  spark  will  to  tome  extent  ebct  fiir  its  vehicle  the  one 
which  is  most  rapidly  v&porUsed,  This  is  notably  shown  In  alloys  of 
guhl  with  copper.  It  is  also  very  striking  in  the  alloy  of  nickel  and  cop- 
per, of  wliich  our  five- cent  piece  is  made.  The  nickel,  which  constitutes 
onc-fourtb,  controls  the  color  of  the  alloy  entirely;  and  yet,  being  far 
wort!  difBcuH  of  fttsion  than  the  copper,  scarcely  shows  a  trace  in  spec- 
tnuD  aBatysis.  This  result  is  particularly  regretted ^  beoause  a  shorter 
way  of  assaying  this  mixture  for  coinage  is  very  desirable. 

These  eacperiments,  it  ia  believed,  will  he  of  uae  to  show  what  may^  and 
what  may  not,  be  expecte<l  from  tlie  spectroscope  in  the  way  of  analysis 
wliere  several  metals  are  components.  They  may  also  be  of  use  in  other 
departmenti  of  investigation  >  P* 


PJiihiddphuij  Oetifher  30,  1873. 
Wm.  E,  Ths  Bois,  Es<i., 

Aasayer  V.  S*  Hint* 

Sir  : — In  purs  nance  of  instructions  received  from  you,  to  examine  the 
iuhject  of  the  ** Electrical  Sjjectra  of  Metals^*  with  a  view  to  its  poesihle 
application  to  assaying,  I  beg  respectfully  to  report,  as  follows  : 

With  a  fern  all  induction  coil,  and  with  a  two^prism  Browning  Spectro- 
scope, I  tried  some  experiments  to  obtain  the  effects  recently  discovered 
by  Mr*  J*  Norman  Lockyer,  of  England,  viz.,  the  discernment  of  differ- 
encee  in  the  lines  of  the  Spectra  of  different  Alloys  of  Gold  and  Silver* 
In  other  words,  to  utilize  the  Spectroscope  as  a  means  of  qunniitatimj  as 
weU  aa  of  quaUiutiee  analysis. 

I  bad  several  interviews  with  Professor  Barker,  of  the  University  of 
Pennsylvania,  (a  recogni seed  authority  on  the  Spectroscope),  who  hjid  re- 
cently met  Mr.  Lockyer  in  England,  and  to  whom  I  am  indebted  for 
valuable  information  pertaining  to  the  subject. 

I  aoon  found  that  although  I  was  able  to  distinguish  clearly  between 
(be  spectra  of  pure  gold,  l(KK>  fine,  and  of  an  alloy  of  gold  and  copper 
90(1  fine,  inasmuch  a*  the  copper  lines  appeared  in  the  one  case,  and  not 
in  the  other,  the  indnetion  coil  was  quite  inatleqaate  tn  its  length  of  spark 
to  exhibit  any  appreciable  differences  between  two  alloys  of  gold  and 
copper.  I  then  applied  for^  and  was  accorded  by  my  friend  President 
Morton,  of  the  Stevens  Institute  of  Technology  at  Hoboken,  the  privi- 
ley^e  of  conducting  my  experiments  ai  that  Institution.  » 

Fn^resior  Morton  most  kindly  placed  at  my  service  the  elaborate 
apparatus  in  his  collection  ;  and  I  visited  New  York  on  Monday  lajst,  the 
2Tth  inst.,  returning  this  evening. 

During  these  four  days,  I  experimented  very  critically  with  known 
alloys  of  gold,  silver  and  copper,  previously  prepared  for  this  purpose, 
and  I  obtained  some  very  interesting  results.     Many  practical  difficultiei 
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presented  themselves  in  the  outset,  and  it  was  some  time  before  I  succeed- 
ed in  obtaining  a  special  adjustment  of  the  apparatus  appropriate  to  my 
purpose. 

Using  one-half  of  the  largest  Ritchie  induction  coil,  throwing  a  spark 
of  eleven  inches,  (fed  by  a  powerful  battery  and  reinforced  by  four  large 
condensers)  in  connection  with  a  two-prism  Browning  Spectroscope,  I 
found  that  upon  gradually  separating  the  metallic  electrodes,  certain  of 
the  lines  broke  in  the  middle  ;  and,  upon  further  increasing  the  distance 
between  the  electrodes,  the  hiatuses  in  the  spectral  lines  increased  pro- 
portionately, but  unequally  with  different  alWye, 

This,  as  I  am  informed,  is  the  novelty  in  spectroscopic  research,  dis- 
covered by  Mr.  Lockyer,  upon  which  the  theory  of  possible  quantitative 
analysis  is  founded,  and  I  was  much  gratified  at  having  verified  the  ex- 
periment. 

Repeated  trials  with  various  alloys,  gave  similar  effects.  Having  proved 
this  general  incident,  a  systematic  series  of  experiments  with  alloys 
enabled  me  to  map  the  difference  of  fineness  between  specimens  500  and 
750  fine  and  even  to  recognize  the  variation  between  ingot-slips  895  and 
902  fine.  These  results  were  observed  by  Mr.  Andrew  Mason,  of  the  New 
York  Assay  Office,  and  by  several  members  of  the  National  Academy  of 
Sciences,  then  on  a  visit  to  the  Stevens  Institute,  as  also  by  other 
gentlemen,  to  whom  some  of  the  exi>eriments  were  shown.  The  varia- 
tion within  seven  thousandths  above  referred  to,  was  by  no  means 
marked — indeed,  over-cautiousness  prevents  my  relying  upon  its  certainty 
— although  a  more  delicate  adjustment  of  apparatus  and  farther  expe- 
rience would  probably  render  the  distinction  more  decided.  Of  course, 
in  these  experiments,  it  was  necessary  to  eliminate  the  numerous  air 
lines  which  appeared  in  all  the  spectra.  A  difficulty  which. presented 
itself  in  the  exact  comparison  of  certain  characteristic  lines  of  gold, 
silver  and  copper,  whose  positions  in  the  spectrum  are  in  close  proximity, 
was  overcome  by  using  a  pure  metal  as  one  electrode  and  another  pure 
metal  as  the  other  electrode.  The  effect  thereby  produced  was  very 
curious.  With  pure  gold  and  pure  copper  as  the  electrodes,  the  gold  lines 
extend  across  only  one-half  the  field  of  the  spectrum,  and  the  copper  lines 
extend  across  only  the  other  half,  the  medial  termini  of  both  sets  of  lines 
being  perfectly  sharp  and  bright.  By  this  means  a  double  spectrum  of 
copper  and  gold  is  obtained,  or  rather,  a  section  of  a  complete  gold  spec- 
trum and  a  section  of  a  complete  copper  spectrum  are  visible  in  imme- 
diate juxtaposition,  thereby  enabling  a  most  accurate  comparison  of  lines, 
which  in  reality  are  not  identical  in  position,  but  which  by  the  pre- 
vious method  were  apparently  so. 

By  a  slight  modification  of  the  experiment,  substituting  pure  copper 
as  one  electrode  and  an  alloy  of  silver  and  gold  as  the  other,  the  proxi- 
mate lines  of  these  three  metals  are  presented  mapped,  as  it  were,  on  a 
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natural  scBle-    Further  tnodiflcatioBs  of  tbis  principle  miggested  them- 

i^lves  and  were  tried  with  indieations  of  vahiable  results,     (Fig.  L) 


Bj  using  aa  one  electrode,  an  nMoj  of  ^old  and  cropper  of  comparative 
!iiid  a  ba^er  altoy  of  the  same  metals  ae  the  ctber  electrodet  a 
[TPAult  not  hf-fore  observed  presented  itself.     The  lines  of  both  eopper  and 
old  croflsed  the  entire  field  of  viBion,  but  in  the  section  represeuUng  the 
i  i^loy,  the  gold  lines  were  strong  and  bright,  while  iti  the  fiection  rep- 
titiog  the  base  alloy  the  gold  lines  were  very  faint.    (Fig*  3.) 


^M,  C*t  Jt«/ 
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By  oow  gradually  increasing  the  distance  between  the  electnxleH,  the 
^imkt  gold  lines  of  the  ba^se  alloy  eease  to  join  their  bright  counterparts 
the  fine  metal  at  the  central  line.    (Fig.  3.) 


e^ 


e^  A^ 


^ 


The  interrening  space  is  at  flrat  minutOj  but  as  tJi©  electrodes  are 
further  separated,  the  ends  of  the  faint  lines  gi-adoally  reeede  towards 
the  outer  edge  of  the  spectrum  until  they  finally  disappear  altogetlier. 

lA  scale  was  constructed  of  the  distances  at  which  the  electrodes  were 
vitfadfawn  during  the  several  trials,  and  careful  notes  were  tnade^  but 
time  did  not  permit  an  elaboration  of  these  experinients  by  accurately 
testing  the  residts  when  alloys  of  approximate  Anetiess  formed  the  elec- 
trodes. I  bad  wished  to  nsa  a  si>ectro»cope  of  greater  dispersive  power, 
tin  order  to  observe  as  many  distinct  lines  as  possible)^  and  also  to 

^liiagnify  the  lines  by  projecting  the  spectruni  through  a  lantern  upon  a 
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The  general  principle  was  satisfactorily  proved,  however,  that  where 
two  alloys  of  different  grades  are  subjected  to  this  treatment,  the  gold 
lines  of  the  baser  compound  are  noticeably  the  fainter  of  the  two,  and, 
what  is  more  important,  they  may  be  reduced  in  length  by  separating 
the  poles,  until  they  disappear. 

This  points  to  the  possibility  of  the  future  application  of  Spectrum 
Analysis  to  Assaying,  at  least  as  a  test  method.  For,  if  an  alloy  of  abso- 
lute known  fineness  were  adopted  as  one  electrode,  and  an  ingot-slip 
assayed  by  the  old  process  to  an  equal  grade  of  fineness  were  inserted  as 
the  opposite  electrode,  in  case  the  assay  were  correct,  the  gold  lines  in 
both  sections  of  the  spectrum  should  appear  of  equal  brightness,  and 
more  especially,  should  begin  to  recede  from  the  central  line  of  the  spec- 
trum at  the  same  moment,  and  should  disappear  at  the  same  moment. 

The  spectra  being  inevitable  natural  effects  of  physical  causes,  a  varia- 
tion between  two  specimens  of  supposed  equal  fineness  would,  in  theory, 
be  necessarily  indicated  by  the  respective  lines  failing  to  correspond  in 
their  reciprocal  action.  To  use  the  method  as  a  means  of  original  assay, 
it  would  be  necessary,  among  other  things,  to  construct  scales  of  delicate 
measurement  which,  if  possible  at  all,  could  only  be  done  by  a  long 
course  of  laborious  investigation. 

The  ezi>eriments  of  which  the  foregoing  is  a  resume,  involved  many 
matters  of  practical  detail  to  which  it  is  unnecessary  to  allude,  and  having 
been  conducted  at  short  notice  and  within  the  brief  period  of  four  days, 
they  must  be  considered  as  simply  preliminary. 

Respectfully  submitted, 

,  Alex.  £.  Outebbbidoe,  Jr. 


Philadelphia^  May  5thy  1874. 
Wk.  E.  Du  Bois,  Esq., 

Assayer  U.  S.  Mint. 

Sib  : — Since  submitting  to  you  my  report  of  the  80th  of  October  last,  I 
have  continued  at  intervals  the  investigation  of  the  *'  Electrical  Spectra 
of  Metals,"  with  a  view  to  the  practical  application  of  the  spectroscope 
to  Mint  assaying. 

Having  repeated  and  proved  the  correctness  of  the  experiments  pre- 
viously recorded,  using  a  three-prism  spectroscope  and  an  induction  coil 
capable  of  throwing  an  eight  inch  spark,  (kindly  furnished  me  by  Dr.  R. 
E.  Rogers  of  the  Medical  Department  of  the  University  of  Penna.)  I  found 
it  necessary  to  devise  a  special  apparatus  for  manipulating  the  electrodes 
when  under  examination.  This  was  made  for  me  by  Mr.  Saml.  James, 
the  machinist  in  the  Mint,  and  admirably  fulfilled  its  object.  A  photo- 
graph and  description  of  it  are  appended  hereto.  Its  peculiarity  consisted 
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m  &Q  automatic  coinliination  of  aocurAi^lj  prcii>ortioued  screwBi  aetiug 
in  Oppoftite  directloDs,  bj  which  u  single  mution  of  the  hand  frufRced  to 
amse  the  upper  and  lower  electrodeis  to  approach  or  i^ecede  frcm*  the  ceii- 
U%\  line  of  contact  in  an  e^jual  degrcei.  The  elcctrotles,  which  conii&tad 
!>f  sm&ll  strips  of  metal  cut  to  a  point,  waro  held  by  a  suitable  airange- 
Bwut  on  tho  outer  circumference  of  two  nyeUMic  riugs  ioaubted  from 
taeh  other,  the  upper  one  slotttad  to  reeeiTe  a  aeries  of  twcWe  electrodes 
of  ^^rying  knowji  flueueeB,  and  revolving  horizontally,  so  that  each  elec- 
trode might  in  turn  be  adjusted  to  fac«  a  »inglo  electrode  of  unknoirih 
dn^meBii  fixed  on  the  lower  liiig.  Its  object  waa  to  admit  of  the  electrodes 
hftieg  ^par^ted  to  any  desired  extent^  while  preserving  the  line  of  vision, 
through  the  spectroscope,  directed  to  the  centre  of  the  spark*  This  ia  a 
point  of  much  importance. 

A  iystematic  series  of  experiments  was  now  commencedi  in  which  the 
behavior  of  the  more  volatile  metals  was  at  first  studied,  viz  :  Lead, 
Zinc,  BUmuth,  Thi,  Antimony,  Cadmium,  Mercui^,  Aluminitim,  &c, 
AU  these  give  joore  decided  spvclta  than  the  les«  volatile  precious  metab', 
%nd  some  interesting  results  were  noticed.  Approximate  illustratious  t,f 
•ome  of  these  spectra  are  appeodcd. 

Proceeding  to  the  cxaminatiou  of  gold  alloys^  and  starting  with  base 
pokitt — ^making  the  lower  pole  250  fine  and  the  upper  polo  5»X>  fine— the 
gold  lines  from  the  upper  half  were  both  longer  and  brighter.  Now  sub- 
ftituting  in  place  of  the  250  pole  one  7(>0  fine,  the  lower  half  showeil  Use 
brighter  gold  lines.  Then,  changing  the  r>0<)  pole  for  one  800,  the  bri^fbt- 
!  of  the  Rold  line  was  again  reversed.  Thia  alternating  effect  may  le 
continued,  decreasing  in  degree  as  the  fineness  of  the  poles  appioach  more 
Hourly  together,  until  both  poles  are  of  the  same  finenesSf  when  the  line« 
wfU  be  equal  in  length  and  Intensity « 

These  experiments  pro\red  satisfiictorily  that  comparatively  wide  varia- 
^  in  the  composition  of  gold  alloys  were  discernible.  I  now  had  pre^ 
p*red  at  the  Mint  a  aenen  of  graduated  alloys  of  more  approsdmate  fine^ 
,  viz ; 


GOLD  AIND  CX)PFBe. 

038. 

917. 
006. 
888.3 


GOLD,  SlLVEJl  AND  COFPKE. 

S140.1 
018.7 
800.8 
888. 
883.5  884.1 

870.5  883. 

These  alloys  were  carefully  prepared  and  assayed  closely* 

With  one  electrode  pnre  gold  and  the  other  0tJ8  fine,  the  dirtVjrcuce  lie- 
twet?n  the  respective  spectra  was  of  course  very  marked,  the  copjier  lines 
appearing  in  the  one  and  not  in  tlie  other-  Substituting  for  the  pure 
gold  the  alloy  876.5,  the  difference  was  fctill  very  marked,  fur,  altliough 
both  gold  and  copper  appeart^d  in  each,  the  copper  lines  were  much 
bhghier  and  somewhat  longer  In  the  baser  aUoy,  while  the  gold  lines  weri^ 
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brighter  and  longer  in  the  finer.  But  on  comparing  the  alloys  876.5  and 
883.5,  (reducing  the  variation  to  seven  thousandths)  I  was  both  surprised 
and  disappointed  to  find  the  visible  difference  of  result  but  slightly  appre- 
ciable. And  the  same  with  regard  to  the  alloys  883.5  and  888.3,  and  the 
same  with  other  alloys  with  equal  or  less  comparative  variation  of  fine- 
ness. A  variation  of  one-thousandth,  required  an  effort  of  the  imagina- 
tion as  well  as  of  the  eye  to  detect  any  difference  whatever.  And,  al- 
though I  endeavored  to  map  an  apparent  difference  between  alloys  vary- 
ing two-thousandths,  it  would  certainly  not  have  been  a  safe  test  on  which 
to  base  an  assay.  Frequent  repetitions  with  changes  of  adjustment  were 
tried,  the  battery  power  varying  from  one  to  six  Bunsen  cells,  in  connec- 
tion with  Leyden-jars  varying  from  one  very  small  jar  (improvised  out  of 
a  test-tube)  to  fifty  large  jars,  (representing  a  metallic  superficies 
of  many  square  feet)  with  variations  of  the  distance  of  the  electrodes 
apart,  and  with  and  without  the  use  of  a  condensing  lens,  but  all  these 
failed  to  give  closer  results. 

It  is  true,  that  these  changes  of  conditions  produced  certain  variations 
in  the  effects  observed — as,  for  instance,  it  was  noticed  that  an  increase 
in  the  Leyden  jar  surface  always  lengthened  the  lines — ^the  distance  be- 
tween the  electrodes  and  all  other  conditions  remaining  the  same — while 
a  decrease  in  the  condensing  surface  had  an  opposite  effect.  Thus, 
to  take  the  extreme  cases,  with  the  single  small  Leyden  jar  above  referred 
to,  and  one  cell  of  battery,  the  lines  broke  when  the  electrodes  were  not 
more  than  ^  of  an  inch  apart,  and  disappeared  entirely  on  separating 
the  points  |^  of  an  inch. 

With  fifty  I^eyden  jars  and  six  cells  of  battery,  it  was  found  impossible 
to  break  the  lines  at  all,  even  by  removing  the  electrodes  to  the  extreme 
limit  of  the  spark,  and  in  this  case  new  lines  also  api>eared. 

Other  variations  occurred ;  such  as  a  momentary  irregularity  in  the 
length  and  brightness  of  the  lines,  under  a  strong  battery  power,  owing 
to  the  unequal  action  of  the  spark  ; — ^a  difference  in  the  action  of  the  gold 
line^  dependent  upon  the  nature  of  the  alloy,  silver  tending  to  lengthen 
them  more  than  an  equal  admixture  of  copper ; — ^the  length  of  the  lines 
is  also  dependent  upon  the  distance  between  the  spark  and  the  slit  (when 
the  latter  is  used  without  the  intervening  condensing  lens) ; — ^moreover, 
the  eye  itself  is  liable  to  become  confused  by  continued  comparisons  of 
very  slight  differences.  The  above  and  other  modifications,  so  far  from 
solving  the  problem  of  close  work,  rather  indicated  possible  sources  of 
error. 

Another  element  of  the  process  suggested  itself  to  me  as  likely  to  ren- 
der  the  results  uncertain  for  the  practical  purpose  of  assaying,  viz  : 
whether  the  quantity  of  metal  vaporized  and  giving  the  spectrum  is  not 
too  infinitesimal  to  give  safe  results  for  a  large  melt.  This  would  be  af- 
fected by  the  least  want  of  homogeneity  in  the  metal.  This  is  a  serious 
consideration,  and  with  the  view  partly  to  search  for  unknown  sources  of 
error  and  partly  to  ascertain  generally  the  quantity  of  metal  operated  on 
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totroeoopk  msskj,  (should  thut  ever  be  possible  1  the  following  t?x- 
Bt  was  tried.  Having  weighed  small  eleotrodes,  averagiu^  18 
Jnilligraminea  eacb,  with  the  greatest  possiible  occui-acy  on  the  gold  ai^twiy 
I  af  the  Mintt  (which  U  aensidve  to  a  twentieth  of  a  milU^raiDmet 

^61^11  less,)  ^nd  having  arranged  a  spark  register*  I  found  that  lonO 
tpmrfci  might  be  passed  between  these  poles^  *^!*ch  spark  showing  the 
ipectmm  of  the  ntetal  distiiietlj,  and  jet  the  lo8«  id  woli^ht  was  Um  smaU 
10  be  tnaxb  the  base  of  calculation.  Thus^  a  gold  pole  lost  in  weight  after 
fftasiiig  liHH>  sparks^  to*5?j  ^f  a  grain  ;  this  gives  for  each  spark  x^alit^j! 
of*  gmln  i>f  gold,  producing  a  bright  spectrum,  I  increaat^d  the  number 
to  8000  sparks  as  the  test.  The  loss  of  weight  depends  of  course  upon 
Hit  cltietric  volume,  and  in  the  experiments  tabulated  I  endeavored  to 
kerp  the  latter  constant  A  slight  deposit  of  the  vaporized  metal  from 
tbe  oppoHiie  ptile  takes  place  in  fine  division,  but  this  is  ea&ily  re- 
moved—in the  c3Jie  of  copper  and  gold  poles  by  dipping  the  gold  for  a 
moinent  in  weak  acid,  or  by  gentle  rubbing.  The  annexed  tables  (marked 
A  aud  B)  show  that  the  lofis  in  weight  ia  marvellously  small,  averaging 
te«»  tban  seven-tenths  of  a  milligramme  of  gold  for  3000  sparks.  To  give 
tJit  amotint  for  each  spark,  thiKmust  be  divided  by  the  number  of  sparks; 
thfiK  in  round  numbers  aji  electrode  loses  jjfsn  ol  a  grain  after  passing 
3000  sparks  ;  or  for  1000  sparka  j^\^^  of  a  grain » or  for  each  spavk  xTJilirFff 
of  a  grain.  The  exceedingly  smalt  quantity  of  metal  tbim  assayed  ren- 
ders tbis  proeesSr  to  my  mind,  inapplicable  to  tbe  operations  in  the  Biint; 
for  it  is  iiecessary  to  determine  gold  assay  a  to  the  r.:«o;*^  P^rt  of  the  nor- 
ma] assay  weight,  and  it  is  hardly  conceivable  that  a  discrimination  to 
tbe  i^iftrt  part  of  i\w  spark  assay  weight,  or  tbe  TTi^oftJ?nnnTTj  of  a  grain  ia 
|>ractically  pimsihle.  Even  if  it  were,  it  would  not  be  pi*oper  to  aasume 
that  a  test  on  such  an  atomic  Bci\le  would  correctly  represent  the  value 
Of  a  large  deposit,  or  even  of  gold  ingots.  It  would  certainly  not  be  in 
the  case  of  silver,  which  i^egregateis, 

Tbo  table  of  lo^  shows  another  curious  and  unexpected  result,  vis. : 
that  tUe  loss  in  weight  of  tbe  volatile  metals  very  slightly  exceeds  and  in 
mrnte  oaaes  does  not  equal  the  loss  of  the  leas  volatile  metals.  Thua*  in 
three  diibrrnt  experiments  of  3000  sparks  each,  copper  loses  but  .1  M,  while 
gold  loses  .5  M.  It  must  be  remembered  that  in  tht?Be  experiments  a  much 
ftfongcr  «park  was  used  Ihau  was  necessary  to  show  a  visible  spectmm. 
When  reduced  to  a  minimum,  as  was  done  in  the  case  of  the  miniature 
Ley  den  jar,  which  still  gave  a  distinct  spectrum,  the  loss  in  weight  after 
&n00  sparks,  for  silver,  copper  and  tin,  was  absolutely  inappreciable  on 
the  balanr^e. 

An  unexplained  anomaly  was  also  noticed  in  relation  to  the  sensitive^ 
aeaa  of  the  spectroscope  to  the  metals  present  in  small  tiuantity.  Although 
)[r.  Cap|>el  has  shown,  by  passing  the  spark  through  weak  solutions  of 
pure  metiils,  that  i^^t^  otu  milligramme  of  gold  will  show  a  Bpeotrum, 
(il  ia  even  leas  than  ^i,^^^  of  a  M,  according  to  an  experiment  ptirr^rmed 
by  the  method  described  above]  yet  a  comparatively  large  proportion  of 
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gold  may  be  present  in  an  alloy ^  the  presence  of  which  will  not  be  indi- 
cated at  all  by  the  spectroscope. 

r  Silver,    708  parts. 

In  a  slip  composed  thus : }  Copper,  254    ** 

the  spectra  of  silver  and  copper  are  alone  visible.        (^Gold,        38    *' 

1000 

In  fact,  in  an  alloy  of  gold  and  copper  containing  from  200  to  250  parts 
of  gold,  the  gold  spectrum  is  barely  visible.  In  the  case  of  gold  con- 
taining copper,  it  was  found  that  one  per  cent,  of  the  latter  sufficed  to 
show  the  copper  spectrum ;  likewise  in  an  alloy  of  nickel  and  copper 
containing  20  per  cent,  of  nickel,  its  spectrum  is  not  visible. 

If  the  spectroscope  fails  to  reveal  the  presence  of  anything  less  than 
200  parts  of  gold  in  a  base  alloy,  even  a  theorist  must  admit  that  one  could 
scarcely  expect  to  be  able  to  discriminate  with  certainty  a  variation  of 
TooTTf  ^  a  fin©  alloy. 

It  is  not  impossible  that  future  discovery  may  succeed  in  explaining 
this  anomaly,  in  harmonizing  the  apparent  inconsistencies,  in  eliminating 
the  sources  of  error,  and  in  reducing  the  operation  to  practicable  cer- 
tainty, but  in  the  state  of  spectroscopic  science  as  it  now  exists,  so  far  as 
I  have  been  able  to  perceive,  I  have  arrived  at  the  opinion,  not  without 
regret,  that  assaying  by  means  of  spectrum  analysis  is  impracticable  for 
the  purpose  of  Mint  operations. 

In  conclusion,  it  should  be  stated  that  the  principal  part  of  my  work 
was  performed  at  the  University  of  Pennsylvania,  with  the  benefit  of  the 
excellent  apparatus  and  appliances  aftorded  in  the  new  and  magnificent 
college  building.  For  this  privilege,  and  also  for  many  valuable  sugges- 
tions and  for  personal  favors,  I  desire  to  acknowledge  my  indebtedness  to 
Professor  Geo.  F.  Barker  of  that  Institution. 

Very  respectfully,  yours, 

Albx.  E.  Outbrbridge.  Jr. 


TABLES. 

First  column  shows  the  weight  of  the  metallic-electrodes  in  milligrams 
before  passing  the  sparks. 

Second  column  shows  the  weight  after  passing  8000  sparks. 

Third  column  shows  total  weight  of  metal  volatilized  (in  fractions  of  a 
milligramme). 

Fourth  column  shows  the  amount  of  metal  volatilized  by  each  spark 
(in  fractions  of  a  milligramme). 
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Mfih  oolujnQ  sbowB  the  amount  of  lueUl  volatilked  by  eacli  Rpark  in 
Imtions  of  a  grain  troy. 
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*Nonrs— The  npper  pole  nraally  formed  the  poflltlTe  electrode. 

tNoTS— Thefliinlmum  of  metallio  Nickel  prodndng  a  spectmm  according  to  Oappel's 
tft^lM  ig  ^  of  a  milligramme. 
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DESCRIPTION  OF  FIGURES  1  AND  2.» 

A  IS  a  cast-iron  base  supporting  the  brass  stem  C  which  has  a  thread 
cut  upon  its  lower  end  in  order  that  it  may  be  raised  or  lowered  in  the 
base  A  and  firmly  held  in  position  by  the  jam  nut  B. 

Into  the  stem  C,  a  secondary  stem  D  is  screwed  ;  this  may  be  raised 
or  lowered  in  stem  C  by  turning  the  hand- wheel  GH. 

Upon  the  upper  end  of  the  tecondary  stem  D  is  fitted  a  cylinder  com- 
posed of  the  metallic  band  FF  and  the  insulating  centre  G.  This  cylin- 
der is  held  in  position  by  the  collars  on  either  side,  and  is  kept  from  ro- 
tating by  a  pin  passing  through  the  upper  collar  and  sliding  in  a  slot  in 
the  third  stem  E. 

Through  the  stem  C  and  secondary  stem  D  passes  a  third  stem  E  of 
steel,  having  upon  its  upper  end  a  cylinder  similar  to  the  one  before  de- 
scribed, except  that  it  is  slotted  to  receive  twelve  strips  of  metal,  while 
the  lower  cylinder  is  slotted  to  receive  one  strip.  This  cylinder  is  free  to 
turn  upon  the  stem  E,  and  is  fixed  at  any  point  by  the  nut  upon  the  end 
of  the  stem. 

The  stem  E  is  prevented  from  turning  by  a  pin  sliding  in  a  slot  in  the 
lower  stem  C. 

The  pitch  of  the  screw  upon  the  stem  E,  is  twice  that  of  the  screw  on 
the  lower  end  of  the  secondary  stem  D.  In  turning  the  hand- wheel 
GH  in  either  direction,  the  stem  E  with  the  upper  cylinder,  though 
moving  over  twice  the  distance  of  the  lower  cylinder,  yet  moves  an  equal 
distance  from  a  central  point  between  the  two  cylindertty  because  the  lower 
cylinder  in  moving  from  the  central  point  carries  with  it  the  upper  cylin- 
der. It  is  to  overcome  the  distance  lost  that  the  pitch  of  the  screw  upon 
the  stem  E  is  doubled. 

The  lovter  portion  of  the  secondary  stem  D  is  divided  into  24  degrees. 
A  movement  of  a  degree  separates  the  electrodes  ^\j  of  an  inch. 

♦Note— Fig.  2  is  reproduced  by  Mr.  Carbutt.  of  Philadelphia,  from 
the  original  drawings  according  to  a  modification  of  the  Woodbury 
Photo-relief  process. 

With  Fig.  2  are  given  in  this  No.  of  the  Proceedings,  and  by  the  same 
process,  fac-similes  of  two  sets  of  drawings  of  spectra  of  various  alloys 
described  in  the  above  memoir. 
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Stated  Meeting^  May  Ist^  1874. 

Present,  17  members. 

Vice-President,  Mr.  Fraley,  in  the  Chair. 

Letters  accepting  membership  were  received  from  Dr.  W. 
Camac,  dated  Philadelphia,  April  30th ;  from  Mr.  Frank 
Thomson,  dated  Altoona,  April  28th;  from  Prof.  C.  A. 
Young,  dated  Dartmouth  College,  Hanover,  N.  H.,  April 
22d ;  from  Mr.  Eaphael  Pumpelly,  dated  Newburg,  N.Y., 
April  22d. 

A  letter  announcing  the  death  of  his  father  was  received 
from  M.  C.  Quetelet,  dated  Brussels,  April  2d,  1874. 

A  letter,  dated  12  Queen  Victoria  street,  London,  E.  C, 
April  14th,  was  received  from  Mr.  Fairman,  Editor  of  the 
Eastern  Echo. 

A  letter  from  Mr.  R.  Patterson  requested  the  members  of 
the  Society  to  inspect  his  copy  of  Mrs.  Peale's  "  Memorial 
Volume,"  of  which  only  twenty- five  copies  had  been  printed 
for  private  distribution.  The  folio  which  lay  upon  the 
table  contained  81  plates,  representing  1,163  specimens  of 
relics  of  the  Stone  Age,  found  in  Europe  and  America,  and 
collected  and  mounted  in  the  cabinet  of  the  late  Mr.  Frank- 
lin Peale,  of  Philadelphia,  a  member  of  the  Society.  These 
plates  are  all  photographs,  described  in  a  catalogue  pre- 
faced to  the  volume.  As  Mrs.  Peale  has  declared  her  inten- 
tion to  present  the  cabinet  itself  to  the  American  Philo- 
sophical Society,  no  copy  of  the  volume  is  reserved  for  the 
the  Library. 

A  letter  requesting  the  use  of  books  was  received  from 
Mr.  Blasius,  and,  on  motion  of  Mr.  Whitman,  the  Librarian 
was  authorized  to  loan  such  books  on  Meteorology  as  Mr. 
Blasius  needed  for  his  investigations,  taking  proper  receipts 
for  their  safe  return. 

Donations  for  the  Library  were  reported  from  the  Acad- 
emies at  Berlin  and  Brussels ;  the  Annales  des  Mines  and 
Revue  Politique;  the  Royal  and  R.  Astronomical  Societies; 


175 


London  Nature ;  and  Mr.  Prestwich ;  the  Essex  InBtitute^ 
Boston  Soc.  Nat*  Hist. ;  Boston  Public  Library ;  American 
Anti<^uarian  Society ;  Mass,  School  for  Idiots  ;  Harvard  Col- 
l€*ge;  Mus.  Com*  Zoology;  American  Cbemiflt;  Dn  Eaynold 
C<mtee;  Prof.  Cope;  SfeCaUa&Stavely;  Pennsylvania  Board 
of  Public  Charities;  Enftalo 8, N, Soc, ;  University  of  South 
Carolina ;  aad  Mr.  Michleyi  of  Pennsylvania. 

The  death  of  Prof  John  PhillipSjOf  Oxford,  was  an- 
uoanced  l>y  the  Secretary, 

On  motion  J  the  I'ubUeation  Coniraittee  was  diM^barged 
from  the  consideration  of  Dr.  Allen's  paper,  and  Me5*«rs, 
Whitman,  Lesley  and  Brinton  were  apf>ointed  a  Com- 
mittee to  report  to  the  Society  upon  the  cost  of  its  publiea- 
tioiL, 

Dr.  C,  M.  Creseon  communicated  the  results  of  analysig  of 
coal  from  the  different  benches  or  layers  of  the  Mammoth 
bed,  with  a  comparison  of  their  heating  powers,  &c.,  illu^ 
tmted  by  diagrams, 

Mr-  Chase  communicated,  through  the  Secretary,  a  letter 
from  Dr.  Wm.  F.  Channing,  of  Boston,  on  the  need  of 
additional  signal  service  at  the  Bermudas  and  along  the 
Kew  England  archipelago. 

On  motion,  a  copy  of  the  commnnieation  was  ordered  to 
be  sent  for  the  consideration  of  the  TJ,  S.  Bureau  S,  S, 

Mr,  Lorin  Blodget  exhibited  on  a  chart  of  the  United 
States  a  centre  of  maximum  sudden  variation  in  tempera- 
ture during  the  winter  months,  and  explained  his  ylews 
of  the  cause  of  the  phenomenon. 

Prof,  Ilouston,  Mr,  Brlggs,  Dr,  Emerson,  Mr.  Lesley,  Mr, 
Whitman,  and  Gen.  Stokes  joined  in  the  discussion  which 
eniued, 

Df.  Etnen^ion  ascribed  the  gradual  translation  south wani 
of  the  fjeach-belt  of  the  Atlantic  coast  to  the  progressive  re- 
moval of  the  foreata,  exposing  the  fruit  to  severe  variations 
of  climate. 

Gen,  Stokes  showed,  by  his  exi»enence  in  peac!i  planting 
on  limestone  soils,  and  by  the  later  development  and  long 
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fruitful  life  of  his  large  old  trees,  that  the  chemical  consti- 
tution of  the  soil  must  be  considered  an  element  in  the 
problem. 

Mr.  John  Fulton,  of  Saxton,  communicated,  through  the 
Secretary,  a  new  and  more  complete  section  of  the  coal  beds 
of  Somerset  Co.,  Pa. 

Prof.  Fraser  communicated  a  statement  supplementary  to 
his  observations  in  September  last  on  the  color  of  the  moon. 

Mr,  Fraley  reported  the  receipt  of  tlie  last  quarter's  rentes 
from  the  Michaux  Legacy  investment 

And  the  meeting  was  adjourned. 


Stated  Meeting^  May  15th,  1874. 

Present,  13  members. 

Vice-President,  Mr.  Fraley,  in  the  Chair. 

Dr.  W.  Camac,  a  new  member,  was  introduced  to  the 
presiding  officer,  and  took  his  seat.    . 

A  letter  declining  membership  from  inability  to  attend 
the  meetings  was  received  from  Mr.  J.  C.  Browne,  dated 
907  Clinton  street,  Philadelphia,  May  1st,  1874 

Letters  of  acknowledgment  were  received  from  the  U.  S. 
Observatory,  Washington,  May  4th.  1874  (IL,  V„  XIL, 
XIIL,  XIV.,  XVL,  69,  70,  71,  73,  to  91) ;  the  New  York 
Historical  Society,  May  11th,  1874  (XV.,  i.) ;  Holland 
Society,  Harlem,  March  Ist,  1878  (XIV.,  iii.,  87) ;  R. 
Academy,  Lisbon,  March  26th,  1874(88,89);  and  R.  Ob- 
servatory, Prague,  February  4th,  1874  (88.  89). 

Letters  of  envoy  were  received  from  the  R.  Academy  at 
Amsterdam,  Nov.  15,  1873,  and  the  II.  Society  at  Harlem, 
March,  1873. 

Donations  for  the  library  were  received  from  the  Holland 
Society  at  Harlem ;  R.  Academy  at  Amsterdam ;  Geological 
Institute  at  Vienna;  R.  Academy  at  Turin;  Revue  Politique; 
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Lomlon  JTature;  and  Society  of  Antiquaries;  State  Bnanl 
of  H«iltb,  Ma^, ;  Amoricttn  Journal  S.  and  A»^  Kew  Haven  ; 
^^  in  Journal  of  Pharniacy;  ^[edical  Nuws^  an*l  Libra ry  ; 

!  1    I'  ititljlj ;  Board  of  Com.  of  Pub*  (Jharitiesj  llurmburg ; 

titid  iln  J*  K,  Nourae,  Washington, 

Mr.  Wliifman  reported  progress  for  the  Committee  charged 
with  e^timatiiig  the  cost  of  publishing  Dr,  Allen's  j>niM:4\ 
On  iiiotion,  the  committcH?  was  eontinued* 
Prof,  Cha^e  rend  ii  note,  on  Coamical  Evolution. 
iln  W.  E*  Dubois  eomnjunicated  through  the  Secretary 
tht'  results  of  an  extended  exaiai nation  recently  made  in  aiul 
>r  the  Assay  Dejiartraent  of  the  Mint  at  Philadelphia,  ot 
jimeticahility  of  assaying  metals  used  in  coinage  by  tlie 
etrum  apf^iratus*     The  paper  wa^  I'ead  and  the  drawings 
of  the  apparatog  and  spectra  exhibited,  and  on  motianf  it 
'    -  referred  to  the  Secretaries?,  with  power  to  publish  the 
.;jiie  with  projjer  illustrations. 

Mr,  J  W.  Harden  extiibited  a  model  of  a  part  of  Big 
^  '  ell  Mountain,  Fayette  Cb,,  We^t  Virginia,  showing  the 
i-iiinber  and  position  of  the  coal  beds  and  limestones  Ixidi^  *m 
tbe  lands  of  the  Langdale  Cual  and  Iron  CajOn  tlje  Kanawha 
River  and  Chesapeake  and  Ohio  R.  E.  In  the  absence  of 
yir.  Unrden  on  account  of  illness,  the  Becretary  ex|>]ained 
the  model  and  associated  maps  and  sections,  giving  a  clescriii- 
tioD  of  the  general  geology  of  the  lower  coal  measures  in 
Virginia, 

Pending  nominations  Kos,  753,  754,  756,  756  were  read* 
And  the  meeting  waa  adjourned. 


Stated  Meeting,  June  19tk,  1874 

Present,  9  members. 

Db.  Ruschekbeeqer,  in  the  chair. 

%ot<»graph3  for  the   Album   were  receival,  of  Mr.  E. 
RogcsfH,  and  of  Senator  Sumner. 
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A  letter  was  received  aunoutimug  the  removal  of  the 
Soeiete  des  Sciences  Nat u relies  from  Strasbourg  to  Nancy. 

A  letter  wm  received  troru  M,  T.  Leorgre,  iTiformhig  the 
Society  of  his  election  to  siiccee<J  M*  (Juetelet,  as  Secretary 
of  the  Royal  Belgian  Academy. 

Letters  of  acknowledgment  were  received  from  the  N* 
IL  S.  at  Zurich,  (87),  Aug,  20, 1873  ;  the  R<»yal  Society  at 
Edinburgh,  (89),  Dec,  187B  ;  the  Victoria  I ustifcute,  London, 
June  5,  (Proc  18  Vols,  aod  1  part);  and  Smithsonian  Insti- 
tution. (XV,  i.) 

Letters  of  envoy  were  received  from  the  Centra!  Physical 
Observatory  at  St,  Petersburg,  April,  1874 ;  Natural  His- 
tory Society,  Zurich,  Aug.  20,  1873;  Victoria  Institute, 
London,  June  5, 1874  ;  Department  of  State,  U.  S.,  Wash- 
ington, May  23,  1874  ;  and  Coast  Survey  Office,  Washington, 
May,  1874. 

Donations  for  the  Library  wer©  received  from  Mr.  B.  S. 
Lymau^Chief  Geo! ogiflt  of  Japan;  Royal  Prusksian  Academy, 
and  Horticultural  Society  at  Berlin;  Natural  History  Society, 
Zurich  J  Sociele  des  Sciences,  Nancy  (Strashoui^);  Flora 
Batava  at  Leyden ;  Royal  Academy,  Brussels ;  M.  L.  Q- 
DeKoninek  ;  Holland  Society  of  Sciences,  Harlem  ;  Geo- 
grapliical  Society,  Anthrc>|jological  Society,  and  Uevne 
l*olitique,  at  Paris ^  Royal  Observatory,  and  Royal  Academy 
of  Science,  at  Turin  ;  Royal  Institution,  Royal  Geogm|»hi' 
Ciil  Society,  Royal  Astronomical  Society ,  and  London  Na- 
ture; Mr.  Alex.  J.  EIHb,  F.R.S.  ;  Royal  Society,  Edinburgh  ; 
Essex  Institute,  Salem;  American  Academy  of  Arts  and 
Sciences,  and  Natural  History  Society,  Boston ;  Museum  of 
Compamtive  Zoology, Cambridge;  Anderson  School  of  Natural 
History^  Penekese ;  Rhode  laland  Society  tor  the  Encourage* 
nient  of  Domestic  Industry,  Providence  ;  American  Jour- 
nal of  Science  and  Arts,  Prof.  Jas.  Hall,  Academy  of  Nat* 
uml  Sciences,  Historical  Society,  Franklin  Institute,  Jour* 
Tial  of  Pharmacy,  Penn  Monthly,  Anieriean  Chemist,  Medi- 
cal News  and  Libmry,  Woman's  Medical  College,  Walter 
DeiHirtnient,  Mr.  E.  D,  Cope,  Mr,  IL  C  Carey^and  Mr.  Isaac 
Lea,  Pbiludelphia ;  Mr.  T.  J,  Bingham,  Harrisburg  j  Com- 
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Fiiifi»loii  for  attending:  ^^  ObservaHonji  oti  tho  Traiigit  of 
Vf?nas;  Engineer  and  Wuv  Depart mentti,  Washini^ton. 

The  O^nimitreQ  to  which  was  i*efurretl  the  co^t  of  puhii^h- 
ing  the  illuBt rations  to  Dn  Allen'a  Memoir,  reiKjrted  tliat  it 
would  cmt  $400.  On  motion  an  appropriation  of  $400  was 
ordered  for  that  puriK>se. 

Prof  Chase  communicated  two  hrief  notes  entitled — 

1,  On  Rainfall  in  cyclonic  years  of  Jnpitor,  at  Greenwich, 
Philadelphia,  Lisbon,  San  Franciaco  and  Barlmdnes, 

2.  On  the  Lunar  Cyclical  Rainfall  at  Barbadoes,  for  27 
years* 

Pending  nominations  Nos.  758,  754,  755, 156  were  road, 
and  the  Society  was  adjourned. 


Staled  Medhig,  Jubj  17/A,  1874, 

Pjesent,  8  menibera, 

Vice-President,  Frederick  Fraley,  in  the  Chair, 

A  letter  from  Dr  Da  Costa,  requesting  the  eompletion  of 
hiB  8et  of  tlse  Proceedings  wa#  read,  and  referred  to  the 
Committee  on  Publication,  with  power  to  take  order. 

Donations  for  the  Library  were  receiTed  from  the  Royal 
Society  of  Tasmania  ;  the  Imperial  Russian  Academy,  the 
Central  Phyaical  Observatory,  the  Natural  History  Society, 
ut  Riga;  the  Imperial  Academy,  Geological  Institute,  and 
Zoologico  *  Botanical  Society,  at  Vienna;  the  Imijerial 
Academy,  German  Geological  Society,  and  PhvBical  Society, 
at  Berlin  ;  the  Societies*  at  Bremen,  Frankfort  and  Otten- 
bach,  the  Hague,  Lausanne  and  Bordeaux ;  the  Mu^ee  Teyler ; 
the  Uoyal  Academy,  at  Bruxel! ;  the  Academy  of  Medicine,. 
Ec<>le  dea  Mineii^  National  Society  ot  Antiquaries,  and  Revue 
Politique,  at  Paris;  Mn  H.  S.  Munroe,  of  Yeddo;  the  Geo- 
graphical Society  of  Mexico;  the  Royal  Astronomical  Sc- 
ciety,  Meteorological  Coinnnttee,  and  Nature,  in  London  ; 
the  Victoria  Institute  ;  the  Phihmophical  and  Literary  So- 
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clety,  at  Leeds ;  Boston  Society  of  Natural  History ;  Yale 
College,  Peabody  Museum,  Silliman's  Journal ;  the  New 
Jersey  Historical  Society ;  the  Penn  Monthly,  American 
Chemist,  Journal  of  Pharmacy,  and  Franklin  Institute,  in 
Philadelphia;  Peabody  Institute,  in  Baltimore;  War  De- 
partment, Washington,  and  the  Buftalo  Society  of  Natural 
Sciences. 

The  death  of  Dr.  Gouverneur  Emerson,  July  2,  aged  78 
was  announced  by  Dr.  Ruschenberger. 

Dr.  Genth  read  a  communication  in  answer  to  criticisms 
by  Dr.  Hunt  upon  his  paper  upon  Corundum,  published  in 
the  Proceedings  of  the  Society. 

Dr.  Charles  M.  Cresson  communicated  the  results  of  an 
examination  of  an  exploded  locomotive  boiler,  with  detailed 
accounts  of  experiments  in  reference  to  the  causes  of  explo- 
sion. 

IVof.  Fraser  communicated  a  note  on  certain  formulse  of 
minerals,  with  reference  to  the  question  whether  separate 
chemical  compounds  can  co-exist  in  the  same  crystallized 
mineral. 

Pending  nominations,  Nos.  753,  754,  755,  756,  757,  758 
were  read,  and  Nos.  758,  754  and  756  balloted  for,  and  the 
following  named  persons  were  declared  by  the  presiding 
officer  duly  elected  members  of  the  Society,  viz.: 

Sir  Wm.  George  Armstrong,  of  Newcastle-on-Tyne. 

Mr.  Franklin  Piatt,  of  Philadelphia. 

Mr.  Henry  Woodward,  F.G.S.,  of  London. 

And  the  meeting  was  adjourned. 


Stated  Meetbig^  August  2\st^  1874. 

Present,  3  members. 

Vice-President,  Mr.  Fraley,  in  the  chair. 

Dr.  Genth  presented  a  i)ai)er  for  publication  in  the  IVo- 
ceedings,  entitled  : — "Contributions  from  the  Laboratory  of 
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thv  riiiversity  of  Peiiiif^yl^aiiift,  No.  2,  On  sin  iniprovement 
cif  ttie  Biiretfe  Valve/'    By  Geo.  A,  Konig,  Pyr.R 

I>r.  Gentli  coiiimuiiH'af^Ml  a  i>aper  entitled  : — "  Cntitrihu- 
tiruig  fmm  the  Labonitoiy  of  tlie  University  of  Pennsylvania, 
Ko,  8.  On  American  Tellurium  and  Bismiith  Mniemk. 
By  F,  A.  Genth/' 

A  ml  the  meeting  was  adjoiirnetL 


S(akd  Meding,  September  18lh,  1874 

Preneiit,  8  nienibei*&. 

Vice- President,  Mr*  Fralet,  in  the  chair. 

A  lettiT  aeceptiiia^  nienibership  was  received  from  Mr,  J» 
Xonimn  T/Ockyer,  dated  5  Alexandra  Road  Fenchly  Road, 
Londnn.  June  25,  1874, 

A  letter  accepting  membership  wm  received  from  Mr* 
Fmnklin  Piatt,  dated  139  Soath  Fifth  street,  Philadeliihia. 
Sept.  8, 1874. 

Letters  aeknowledginc(  donations  and  exchanges  were  re- 
cc^ivcd  from  R.  Academy,  Lisbon,  Ausj.  B,  1774,  (XII^  ii,  iii, 
Xiri.  ii,  67,  73,  74,  75,  Catalogue  TI);  the  Society  at  Riga, 
OiU  31,  IS7;:i,(XIV,  ill,  Proe.  XII,  1,  2);  the  Imp.  Academy 
at  Vienna,  Pec.  1,  1873,  (88,  89) ;  the  Znologico-Botanical 
8i»ciety»  at  Vienna,  Jan,,  1874,  (Pnx?.  XII,  up  to  RfO  ;  flic 
Royal  Pontifical  Academy  d  N*  L,,  at  Rome,  Dec,  9,  1873, 
(88,  89):  the  Britigh  Assoeiation,  London,  June  12,1874, 
(XVI,  90,  91);  the  Rojal  Observatory,  at  Greenwich,  July 
21,1874,  (90,  91);  the  Royal  Society,  London,  June  25, 
1874,  (III ;  XIV,  ii,  XV,  i,Vi2,  88,  89,  90,  91 ) ;  the  Meteo- 
rological Office  of  the  R.  R,  London,  Jnne,  10,  187^,  (90,91); 
tlie  Zoological  SiK'iety,  Lonclon,  July  3,  1874,  (XV,  i^ 
89,  90,  91);  the  Scjcicty  of  Anti<juririei%,  Honiensot  IIouse< 
London,  June  25,  1874,  (XV,  i,  90,  91);  the  Stati^tic^d 
St^etcty,  12  St,  Jame?^  Square*  London.  June  17,  1784,  (XV, 
i,  90.  91);  tlie  Ratclittc  Ob^tTvatrHy,  OKtbnl.  June  19,  1874, 
(XV,  i,  90,91);  the  Liteniry  and  Phihi^ophical  Society,  R. 
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Inst.  Liverpool,  Dec.  31,  1873,  (O.S.  I  to  VI,  N.  S.,  I  to 
XIII) ;  the  Literary  and  Philosophical,  Leeds,  June  8, 1874, 
(XV,  i,  88,  91). 

Letters  of  envoy  were  received  from  the  Physical  Society, 
Berlin,  April  15,  1874  ;  the  Imperial  Academy ,Vienna.  Feb. 
23, 1874  ;  the  Zoologico-Botanical  Society,  Vienna,  Jan.  7, 
1874 ;  Royal  Hungarian  Academy,  Pesth,  Nov.  It),  1873 ; 
Holland  Society,  Harlem,  Dec,  1873  ;  Society  of  Emulation, 
Abbeville,  June  1,  1874 ;  Teyler  Museum,  Meteorological 
Office,  London,  June  23,  1874 ;  Literary  and  Philosophical 
Soc.  Manchester,  June,  1874 ;  Literary  and  Philosophical  Soc. 
Liverpool,  Dec.  29,  1873 ;  National  Academy.  B.  Aires, 
May,  10, 1874 ;  Museum,  B  Aires,  April  20,  1874 ;  Metro- 
politan Museum  of  Arts,  New  York,  Sept.  16, 1874. 

A  letter  was  received  from  Mr.  Alex.  Agassiz,  respecting 
his  father's  European  Publications,  to  be  distributed,  dated 
July  22,  1874. 

A  letter  was  received  from  Mr.  Geo  Travers,  dated  New- 
stadt,  A.  IL,  July  4,  1874,  oftering  for  sale  the  Shai-n-Sinsin 
papyrus,  price  £120  sterling. 

Donations  for  the  Library  were  reported  from  the  R.  and 
Imp.  Academies  at  Berlin  and  Brussels;  the  Societies  at 
Kiga,  Gorlitz,  Leeds,  Glasgow,  and  Salem,  Mass ;  the  Ob- 
servatories at  Prague,  San  Fernando,  and  Oxford  ;  the  Ge>- 
logical  Bureau,  at  Stockholm  ;  the  City  of  Pesth  ;  the  S.  d 
X.  L,  at  Rome;  the  Geographical  Society,  American 
Society  for  the  encouragement  of  National  Industry,  Museum 
of  Natural  History,  School  of  Mines,  Weekly  Gazette  of 
Medicine,  Revue  Politique,  and  Chev.  Leopold  Hugo,  of 
Paris ;  the  Royal,  Chemical,  Asiatic,  Astronomical,  Zoolo- 
gical, and  Antiquarian  Societies,  Victoria  Institute,  Cobden 
Club,  Meteorological  Committee,  and  Nature,  of  London ; 
the  Geological  Museum,  at  Montreal ;  the  American  Anti- 
quarian Society  ;  Silliman's  Journal;  Dr.  Jarvis  of  Dorches- 
ter; Prof.  Roeh rig,  of  Ithaca;  the  Naturaliste  Canadien,  of 
Quebec ;  the  American  Chemist,  New  York ;  ;he  Metropoli- 
tan Museum,  of  New  York  ;  the   Franklin  Institute,  Penn 
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Monthly,  and  Dr,  E.  J.  Levis,  of  Philadelpliia;  Prof,  S.  S. 
Haldeman^  and  the  University  of  Miasoar'u 

The  death  of  Dr,  Jtiffrics  Wyniati,  of  Cambridge,  Sept. 
4^  aged  60,  w;i.^  ainiourjcc^d  by  Dr,  LeConte. 

Mr.  Eli  K,  Price,  as  Chairman  of  Oomniittee  on  Nursery, 
Ac,  communicated  **  A  list  of  Oaks  imported  by  the  Fair- 
mount  Park  Comtuiadion.  iti  1874,  for  the  Miehaux  Grove, 
\mng  the  selection  of  John  C  Creason,  Esq.,  wheu  last  in 
Kurope,  iibowing  which  of  them  are  living/' 

Mn  Lesley  descriljed  an  upthrow  fault  recently  discovereil 
by  Mr*  Chance,  volunteer  assistant  of  tlie  Second  Geologic4il 
Survey  of  Pennsylvania,  crossing  the  Schuylkill  river  in  the 
ga])  of  the  Kittatinny  Mountain,  below  Port  Clinton. 

Pending  nominatiiuis,  Nos.  755,  757,  75B,  and  new  nonii- 
uations,  759,  760,  761,  762,  7i3Sj  were  read. 

And  the  meeting  was  adjourned. 


Stated  Meeting,  0€tdi€r2il,\%U. 

Presentj  11  members. 

Secretary,  Db*  LeCoktk,  in  the  Chair, 

Photographs  for  the  Album  were  reeeivedfrom  Mr*  Thos, 
Meehan,  and  Prof  Stephen  Alexander, 

A  letter  from  the  Rantoul  Literary  Society,  dated  Ran- 
toul,  Champaign  County,  III,,  Sept.  28thj  1874,  requcj^tlng 
the  publications  of  the  Society,  wa^  read,  and  on  motion,  the 
Society  was  ordered  to  be  placed  on  the  list  to  receive  the 
Proceedings* 

A  letter  from  the  Ohio  State  Librarian,  date<l  Crdumbus, 
O.  Sept.  22, 1874,  requesting  a  copy  of  the  Catalogue  of  the 
Library  \vm  read,  and  on  motion,  the  requesit  was  gmnted» 

A  letter  from  Dr.  Fredk,  Krauss,  on  behalf  of  the  Yerein 
fiir  VaterlSnd.  Naturkunde  in  Wiirteniberg,  dated  Stutt- 
gart, Aug.  10,  1874^  asking  for  the  conipletiau  of  their  set 
of  Proc,  A«  P.  S.^  and  a  complete  set  of  Tmuaaetions  A,  P»8*, 
and  promieing  to  complete  the  set  of  Y.   t  V.  N.  in  W. 


184 

Jalirgange  (30  years  in  3  parts)  for  the  A.  P.  S.,  Library, 
was  read,  and  on  motion,  the  request  was  granted. 

Letters  of  acknowledgement  were  received  from  the 
R.  Academy,  Copenhagen,  (XV,  i,  90,  91) ;  K  K.  C.  Anstalt 
fiir  Meteorologie  und  Erdmagnetismus,  Vienna,  (90) ;  Prof. 
Hochstetter,  (89) ;  Dr.  Jos.  Hyrtl,  (88,  89) ;  Linnean  Society, 
London,  (XIV,  ii,  XV,  i,  88  +) ;  New  York  Historical 
Society,  (92). 

Letters  of  envoy  were  received  from  the  Linnean  Society, 
and  N.  Y.  State  Library. 

Donations  for  the  Library  were  received  from  the  Editor's 
of  Revue  Politique,  l^aris  ;  Nature,  Royal  Society,  and  Lin- 
nean Society,  London ;  Prof.  Silliman  and  Dana,  N.  Haven,  N. 
Y.  State  Library,  Regents  of  the  University,  Buffalo  Society 
of  Nat.  Sciences,  Penn.  R.  R.,  U.  S.  Naval  Observatory,  and 
National  Educational  Association. 

The  death  of  M.  Elie  de  Beaumont,  at  Paris,  Sept.  24, 
1874,  aged  75,  was  announced  by  Dr.  Qenth. 

Mr.  Delmar,  late  director  of  the  TJ.  S.  Bureau  of  Statistics, 
read  a  communication  on  the  resources,  productions,  and 
social  condition  of  Egypt. 

Pending  nominations,  755,  757  to  763,  were  read. 

And  the  meeting  was  adjourned. 


Stated  Meeting^  October  \Qth,  1874. 

Present,  12  members. 

Vice-President,  Mr.  Fraley,  in  the  chair. 

A  letter  accepting  membership  was  received  from  Mr. 
Henry  Woodward,  F.R.S.,  dated  British  Museum,  London, 
Oct.  3.  1874. 

A  letter  was  read  from  Mr.  Jared  P.  Kirtland,  dated  East 
Rockport  P.  0.,  Cayahoga  County,  Ohio,  Oct.  1, 1874. 

Letters  from  B.  Westerniaiin  &  Co.  and  E.  Steiger,  Book- 
sellers, and  on  motion  ma<le,  it  was  resolved  to  instruct  the 
Secretaries  not  to  sell  single  numbers  of  the  Proceedings, 
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le^t  the  stock  of  Proceedings  be  so  diminished  aa  to  make  it 
iiQpoesible  to  supply  corref^ponding  Societie.s, 

The  request  of  tlie  Leeds  Philosophical  and  Litorarj 
Society  for  Kos,  75  and  79,  to  complete  their  set,  wa^  on 
motion,  granted, 

Lctt^^i-s  of  ackiiowledgiwent  were  received  from  the 
Society  at  liiga,  Feb.  28,  1874,  (90,  91);  Bo&ton  Public 
Libmry,  Oct.  12,  1874,  (XI  \^,  92) ;  and  War  Dcjiartment, 
Washington,  Oct.  5, 1874,  (92). 

Letters  of  envoy  wei*^  received  from  the  Swedish  Geoln- 
logical  Bureau,  Stoekliolm,  Nov,  15,  1873;  and  the  Prussian 
Acfuleniy^  Dec.,  18 7S. 

Donations  for  the  Library  were  received  from  the  Acade- 
mies at  Berlin  and  Brussels,  and  Salem,  Mass.;  the  Society 
at.  Z\vnckau ;  the  Paris  Gcogmpbical  Society,  and  Hevue 
Pnliti<[ue  ;  London  Niituro;  Boston  Xatural  History  Society; 
Journal  of  Medical  Scienecs,  Journal  of  Pharmacy,  Medical 
News  and  Liljniry,  Mr,  II.  C.  Carey,  and  tlie  Hon.  Bi  II* 
Bit'W^^ter,  of  Philadel|ili!a, 

Mi%  Le^sley  described  the  marked  cliange  in  the  aspect  of 
the  northern  and  northwestern  counties  in  the  State  during 
the  last  thirty  ye^ii^,  and  the  progress  of  the  Geological  Sur- 
vey of  that  region;  the  facilities  atioRled  for  it,  and  the 
private  collections  of  foasils  in  it,  at  Mansfield,  Warren  and 
Titusville;  the  diseo^H^ry  of  the  Devonian  (No.  IX)  fish- 
betU  at  various  ]»]aces  from  the  Hudson  to  tlie  Alleglian}- 
rivers;  the  differentiation  of  the  Conglomerate  from  the  oil 
region  sand  rock^j  and  of  the  Mamhall  group  from  the  Che- 
mnng,  I'c, 

Pending  nominations,  755,  757  to  763,  and  new  nomina- 
tion No*  764,  were  read* 

Nominations  755  to  7*33  were  Imlltitod  for,  and  nftcr 
scrutiny  of  the  l>allot  boxes  by  the  presiding  officers,  the 
following  Were  declared  duly  electc^tl  memljcrs  of  the  Society: 

Rev,  Jameg  Freeman  Clarke,  of  Bc*ston. 

Fran5£  Hitter  von  Ilauer,  of  Vienna, 

Kawtton  W*  Rftvv'ison,  Governor  of  Barlmdoes, 
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Prof.  8.  P.  Sadtler,  of  Philadelphia. 
Prof.  G.  A.  Konig,  of  Philadelphia. 
Prof.  C.  F.  Himes,  of  Carlisle. 
Dr.  R.  S.  Kenderdine,  of  Philadelphia. 
Mr.  A.  R.  C.  Selwyn,  of  Montreal. 
And  the  meeting  was  adjourned. 


Stated  Meeting^  November  6th^  1874. 

Present,  16  members. 

Secretary,  Dr.  LeConte,  in  the  chair. 

Letters  accepting  membership  were  received  from  Prof. 
Samuel  P.  Sadtler,  dated  Philadelphia,  Oct.  19 ;  from  Prof. 
George  A.  Konig,  dated  Philadelphia,  Oct.  19;  from  the 
Rev.  James  Freeman  Clarke,  dated  Jamaica  Plains,  near 
Boston,  Mass.,  Oct.  20  ;  and  from  Prof.  Charles  F.  Himes, 
dated  Carsisle,  Pa.,  Nov.  4, 1874. 

A  letter  was  received  from  the  relatives  of  M.  F,  P.  G. 
Guizot,  dated  Val  Richer,  Sept.  13,  announcing  his  death  on 
the  preceding  day,  Sept.  12,  at  the  age  of  86. 

Letters  of  acknowledgment  in  receipt  of  Proceedings  A. 
P.  S.,  were  read  from  the  Observatory  at  Munich,  Aug.  7, 
(Xos.  90,  91) ;  Astronomical  Society,  at  Leipsig,  July  20, 
(90,  91)  ;  Royal  Society,  at  Gottingen,  July  6,  (XV,  i,  90, 
91) ;  Lyceum  of  Natural  History,  N.  Y.,  Oct.  12,  (92) ;  and 
University  of  Toronto,  Oct.  19,  (84,  92.     Wants  86  to  91. 

Donations  for  the  Library  were  announced  from  the  Asia- 
tic Society  of  Japan  ;  the  Swedish  Statistical  Bureau  and 
Geological  Survey  ;  the  Danish  Archaeological  Society  ;  the 
Academies  at  Berlin  and  Coj)enhagen  ;  the  German  Geolo- 
gical Society  ;  the  Imj^erial  Institute  at  Vienna ;  the  Acade- 
my at  Dijon;  the  Geographical  and  Anthropological  Socie- 
ties, and  Revue  Politique,  at  l^aris  ;  the  Victoria  Institute, 
Royal  Geographical  Society,  and  Nature,  at  London  ;  the 
Geological  Society  of  Glasgow ;  the  Geological  Survey  of 
Canada  ;  Essex  Institute ;  Yale  College ;  Silliman's  Journal ; 


ISI 


Fratikliri  Iiisfitute;  reno  Moiitlily;  Gen.  W,  A,  Stokee; 
£^mith8<)uiati  Iiistitutiou ;  Bureau  of  U.  8.  Engineers;  Dr. 
llaydeii ;  Mr,  Outenliridge ;  the  Mtdieal  New^ ;  and  the 
Buffalo  Society  of  Nutimil  Sciences, 

The  death  of  Prt:if.  Samuel  J.  Gumuieix!,  Preeidcnt  o( 
ILnx*ri\>rd  C^oHege,  tit  IlaveribRl,  Oct^  22,  aged  63,  was  sm- 
iKvmiced,  and  Prof,  Thos>  Chuik:*,  whe  oh  motion,  amwnnted 
to  prepare  an  obituary  notice  of  the  doceasetL 

Mr.  Brittoii  exliihited  to  the  membei^  present  large  8f»eei- 
meti  piece**  of  couk  tient  for  metallurgical  analysis  from  the 
Luniy  Mine^  Carbon  Aline,  and  mines  near  Rocky  Spring 
Stntiou  on  the  Union  Pacific  Railroad,  830  mik^  west  of 
Omaha.  The  character,  age,  and  relation^hijie  of  the^  coals 
with  the  Ho-ealled  Lignitic  beds  of  Haydoii,  the  Denver  ant] 
Ratoa  and  Santa  Fe  coak,  were  discussed  at  length  by  Dr. 
Genth  and  Dr.  LeConte. 

Pcitding  nomination,  No,  764  was  read,  and  the  meeting 
was  adjourned, 


Stated  Meeting,  November  20M,  1S74. 

Pi-esent,  17  member. 

Vice-President,  Mr.  Fraley^  in  the  chair. 

A  PhntogmjAi  tor  the  Album  was  received  troni  Prof. 
Traill  Green,  of  Lafayette  Colk^gc,  Easton,  Pa, 

A  letter  reftpeeting  the  cataloguing  of  Libraries  was  re- 
ceived from  Mr.  W.  C.  Flagg,  Secretary  lib  S.  Farmer^s 
Aa^oeiatinn,  dated  Moro^  lib,  Nov.  10,  1874. 

A  blank  to  be  tilled  was  received  from  the  Secretary  of 
the  Bureau  of  Education,  at  Wai^hington,  dated  Nov,  11, 
1874. 

Lettem  acknow^l edging  the  receipt  of  the  Soeiety'i*  Publi- 
cations, were  receive*!  from  the  Hungarian  Academy  of  Sci- 
ences. Oct.  17,  (XV,  i,  88,  89,  9o/91);  the  R.  Bavarian 
Acatlemy,  Sejit.  15,  (XV,  i,  90,91);  the  Philosophical  and 
Literary  Sfx^ety,  at  Leeds,  Oct,  28,  (75  and  79 j ;  Prof.  C,  E. 
Autbon,  New  York,  Nov,  18,  (81  to  92) ;  Prof.  Tmill  Green, 
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Easton.  Pa.,  Nov.  12,  (81  to  92) ;  Dr.  Robert  Peter,  Lexing- 
ton,  Ky.,  Nov.  9,  (81  to  92)  ;  and  the  Ohio  State  Library, 
Cohimbus,  Nov.  13  (Cat.  Pt.  I). 

Letters  of  envoy  were  received  from  the  R.  Bavarian 
Acarlemy,  Munich,  Sept.  13,  Mr.  Stan.  Meunier,  Professor  of 
Comparative  Geology  in  Natural  History  Museum,  at  Paris, 
Oct.  28  ;  the  Meteorological  Office  of  the  Royal  Society,  in 
London  ;  and  the  Smithsonian  Institution. 

Donations  for  the  Library  were  received  from  the  German 
Geological  Society,  the  R.  Prussian  Academy,  the  Geologi- 
cal Association,  at  Dresden  ;  the  Vaudoise  Society,  at  Lau 
sanne,  the  Batavian  Society  Ex.  Phil.,  at  Rotterdam,  the 
Revue  Politique,  M.  Stan.  Meunier,  the  R.  Astronomical 
Society,  London  Nature,  Boston  Public  Library,  Academy 
of  Natural  Sciences,  Fmnklin  Institute,  American  Journal 
of  Pharmacy,  U.  S.  Coast  Survey,  Department  of  the  Inte- 
rior, and  Mr.  Adolph  Schmidt,  Jeffiirson  City. 

The  volume  on  Comparative  Geology  presented  by  M. 
Meunier,  was  on  motion,  referred  to  a  committee  to  be  ap- 
pointed at  the  next  meeting. 

The  death  of  Mr.  Charles  B.  Trego,  Treasurer  of  the  So 
eiety,  at  Philadelfihia,  Nov.  10,  aged  80  years,  was  announced 
by  the  Vice-President,  and  on  motion,  Mr.  S.  W.  Roberts 
was  appointed  to  prcjjare  an  obituary  notice  of  the  deceased. 

Mr.  BrittOQ  exhibited  and  explained  a  model  illustrating  his  method 
of  keeping  a  laboratory  free  from  the  gases  evolved  when  metals  and 
minerals  are  dissolved  in  acids. 

He  dissolves  in  test  tubes  supported  in  position  on  wire  gauze  frames. 
The  tops  of  the  tubes  are  covered  with  glasses  shaped  like  tubular  funnels 
inverted,  the  tubular  end  of  which  being  bent  at  nearly  a  right  angle  are 
made  to  pass  horizontally  into  a  long  wooden  chamber  four  inches  wide 
by  six  inches  deep.  The  chamber  may  be  of  any  length  ;  it  connects  at 
either  end  or  in  the  centre  with  a  wooden  chimney,  six  by  twelve  inches 
in  the  clear,  passinsr  from  the  laboratory  up  and  above  the  roof  of  the 
building.  Heat  is  applied  to  the  lower  end  of  the  tubes  by  moveable 
Bunsen  burners.  The  gasses  are  carried  away  as  fast  as  evolved  by  the 
constant  current  of  air  which  passes  through  the  chamber  and  up  the 
chimney. 

So  completely  have  the  gasses  been  conducted  away,  that  several  very 
delicate  Becker  balances  have  been  in  use  for  some  years  within  a  few 
feet  of  the  tubes,  without  being  perceptibly  affected.     He  uses  tubes  va- 
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tying  tmm  cue  to  two  IccUcs  in  diameter aud  about  ten  iiicliea  long— aid 
ako  llttj;k«,  A  ijy  number  may  lit?  used  at  tije  sutno  timet  net  about  h\x 
iricLesapai-t.  He  htia  fiumes  f«jr  tliirty-six.  It  ij^  bast  to  make  th#  fun- 
nvU  jj«?*r*aliapefl»  to  allow  their  edges  to  slip  into  the  tubt**  that  auy 
droj*s  of  t'omleus4»d  tnoiature  may  not  fall  outside. 

Mr.  Britton  also  exbibited  several  mounted  burettes  for  vidumetrie 
AoalyMs  of  llio  kind  d<?acnbcd  iu  tbe  Journal  of  the  FraDkliu  In^iitute, 
fur  Mny  IHTfl,  and  which  he  has  hud  iu  use  for  more  than  nice  years.  He 
eihibited  lUem  to  ^liow  that  the  one  exhibited  by  Dr.  Geo,  A.  Eoenig, 
at  tbe  mcjeting  of  the  Boi-ietyj  held  August  2 1st,  1^74,  diilered  in  no  es- 
sential feature  from  tht?ni. 

Mr  Hiittou  had  tried  wood^  leathert  lead,  tin,  glass,  india-riibbcr  amd 

cork,  for  tbe  stopper  or  valve*     lie  preferred  close-grained  cork  when 

tisiuf^  solutions  of  per  mai>genate  and  bicbi-omatt^  of  potash,  and  this  after 

ftve  tliouiand  iron  determinations  with  it.  Glass  he  preferred  to  all  other 

''iubitanoes  when  using  acidii  or  strong  alkaline  aolutions. 

The  graduation  was  on  white  paper  behiud  the  tube.  The  tbumb 
knob  of  the  screw  was  liehind  the  frame,  but  the  sjntug  and  valve  wa« 
in  front  This  arrangement  he  preferred.  The  contents  of  tht  tube 
eould  be  dischaiged  much  faster  than  aeceasary  for  analytical  purposes, 
01-  so  alow  that  only  a  fraction  of  a  drop  could  be  caught  on  the  stirnng 
rod  and  conveyed  to  the  solution  to  bo  tested  iu  the  vessel  beueatli* 

He  also  exhibited  an  adjuBftment  of  the  spnng  and  screw  to  the  rod- 
atoppered  burette.  The  burette  was  mounted  on  a  stand.  A  spring 
lever  was  on  the  top  and  connected  at  one  end  with  the  rod -stop  per,  and 
It  the  other  end  with  a  metal  ro<^l.  The  latter  extended  down  the  back 
of  the  instrument  to  near  the  bottom,  and  bad  attached  to  it  a  thumb- 
liorew  arrangement.  By  simply  turning  the  screw  the  stopper  could  be 
o*Jinpletely  controlled  while  the  eye  watched  the  llow. 

Mr.  Britton  referred  again  to  the  Rocky  3lonntaiu  coals  exhibited  at 
thu  la.Ht  meeting,  simply  iaying  in  advance  of  analysis  that  they  were  all 
coking  coali. 

Mr,  PtKjle  obliged  the  meuibera  present  with  ileacriptione 
of  the  coals  of  Nova  Scotia,  and  of  the  character  of  the  gold 
iluaHz,  vehiSj  and  |iroseiit  coudition  of  the  gold-miuing  in- 
dustry of  the  (jroviiiee. 

Dr*  LeConte  oftl^i^d  for  puljlication  in  the  Proceedings,  a 
Vx^t  of  North  American  Iepidopteno(platypterice.s,&e,,)  with 
uotm  \*y  Augustus  R,  Gi*ott%  of  Alkniy, 

Miivute.s  of  the  last  meeting  of  Officers  and  Members  in 
Ciinncil,  were  read. 

Pending  noininntions,  No,  764,  was  remh 

Mr,  Fralej  nominated  iu  behalf  oi  the  Committee  of 
Finance.  Mr.  J.  Sergeant  Price,  to  till  the  vacancy  left  by  the 
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death  of  the  Treasurer.  On  motion,  Mr.  Price  was  elected 
to  fill  the  vacancy. 

Mr.  Fraley  reported  that  he  had  received  and  was  prepare^l 
to  turn  over  to  the  Treasurer  elected,  the  quarterly  interest 
on  the  Michaux  Legacy,  due  Oct.  1.  1874. 

And  the  meeting  was  adjourned. 


Stated  Meeting^  December  4M,  1874. 

Present,  17  members. 

Vice-President,  Mr.  Fraley,  in  the  chair. 

A  letter  accepting  membership  was  received  from  Baron 
Franz  von  Hauer,  dated  Nov.  7, 1874. 

A  letter  requesting  additional  copies  of  Proceedings  and 
Transactions,  was  received  from  the  Holland  Society  of  Sci- 
ence, at  Harlem,  Nov.  3,  1874. 

Letters  of  envoy  were  received  from  the  Entomological 
Society,  of  Belgium,  and  the  State  Department,  at  Washing- 
ton. 

A  letter  was  received  from  the  Baron  de  la  Roncifere  le 
Noury,  V.  A.  President  of  the  Geological  Society  at  Parir, 
with  documents,  asking  for  the  concurrence  of  the  A.  P.  S., 
in  the  International  Congress  of  Geographical  Sciences  to  be 
held  next  spring,  in  Paris. 

Donations  for  the  Library  were  received  from  the  Editor 
of  Flora  Batava,  Leyden ;  the  Entomological  Society,  Bel 
gium ;  Annales  des  Mines  ;  Revue  Politique ;  London  Na- 
ture ;  Geological  Society,  and  Society  of  Antiquaries,  Lon- 
don; American  Chemist ;  Prof.  James  Hall,  and  the  Regents 
of  the  University  of  New  York  ;  Silliman's  Journal,  Frank- 
lin Institute,  Penn  Monthly,  Mrs.  Emma  Seller,  of  Phila- 
deli)hia  ;  and  Dr.  T.  Sterry  Hunt,  of  Boston. 

The  death  of  John  Meredith  Read,  Ex-Chief  Justice  of 
the  Supreme  Court  of  Pennsylvania,  at  Philadelphia.  Nov. 
29,  aged  77,  was  announced  by  Mr.  E.  K  Price,  who,  on 
motion,  was  apix)inted  to  prepare  an  obituary  notice  of  the 
deceased. 
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Prof  a  Gujat,  of  Priiacetnn,  K  J.,  Prof  Cook,  of  New 
Brunswick,  N,  J.,  and  Prof.  Lesley,  were  appointed  the  com- 
mittet-^  to  report  on  M,  Meunier  s  book,  received  at  the  last 
iiiceting. 

Mr,  Britton  reported  analyses  of  Rocky  Mountain  eoab, 
and  exhibited  the  cokes  obtained  from  them* 

Dr,  Crettson  re|K)rte4l  on  their  gm  pr*>diicing  and  heat  pro- 
ducing qualities. 

Mr.  Goodfellow  said  that  before  the  next  meeting  new;* 
would  be  received  of  u  mvQ  event,  for  which  aBtromomers 
had  been  waiting  and  preparing  for  a  century.  Next  Tues- 
day the  Transit  of  Venus  would  again  occur,  the  times  of 
which  ad  calculated  tor  Wiishiuirton  he  gave.  So  extensive 
and  costly  are  the  preparations  for  observing  thi^  event  in 
distant  parts  of  the  world  made  by  various  GovernraentSj 
that  it  Ijecomea  evident  the  time  has  arrived  when  public 
sentiment  m  alive  to  the  vahie,  and  government  action  is 
I  ready  to  supply  the  needs  of  accurate  acience,  for  the  benefit 
of  laociety  at  large, 

Mr<  Goo<l fellow  then  gave  a  sketch  of  the  history  of  the 
Observation  of  the  Transit  of  1769,  and  showed,  from  Dr. 
Smith'8  memoir  in  the  Transactions  of  the  American  Philo- 
soiihieal  Society,  that  Dn  Smith's  calculations  of  the  sun's 
jiairallax,  while  they  widely  differ  from  the  restilt^of  Encke, 
approximated  much  nearer  to  the  truth. 

Dr.  Konig  explained  again  by  diagrams,  the  essential 
points  of  ditferenee  between  Air.  Brit  ton's  bm^tte^  the  liigh 
value  of  which  he  acknowletlgedj  and  his  own  published 
|impn»vement  uiKin  it.     Mr,  Brinton  insisted  that  they  were 

^ntially  the  same.  Mr.  Fraley  said  that  the  decision  of 
such  a  question  must  be  left  to  the  practice  of  Chemists, 

Dr,  W,  I.  Hoffman's  letter  to  Dr  J.  L,  LeContc  on  the 
practice  of  Cremation  by  the  Pib-Ute  Indians,  of  Eastern 
California,  was  then  read  by  the  Secretary,  and  Dr*  Horn 
Continued  Dr,  Iloffinan's  statements,  adding  that  the  practice 
was  common  to  all  branches  of  the  PiVh-Ute  Tribe. 

Mrs.  Sellers  recently  published  investigations  on  the  voice 
in  speiioh  were  then  described  by  the  Secretary,  and  tbe 
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two  capital  points  which  the  learned  authoress  considers 
to  be  new  discoveries  were  pointed  out,  namely,  the  fixed 
pitch  of  the  consonant,  and  the  duplex  instrumentation  of 
the  voice;  the  mouth  and  the  "  vocal  organs"  commonly  so- 
called,  being  two  entirely  different  and  independent  in- 
struments acting  in  harmony,  but  the  mouth  being  entirely 
capable  of  speech  after  the  destruction  of  the  larynx  and 
cords. 

Prof.  Frazer  described  by  diagrams  the  phenomenon  of 
exfoliation  in  the  syenite-like  rocks  of  Gettysburg.  A  dis- 
cussion ensued  in  which  Dr.  Konig  expressed  his  dissent 
from  Naumann's  views  respecting  the  cause  of  granitic  ex- 
foliation being  the  sun's  heat.  Dr.  Genth  also  called  atten- 
tion to  the  fact  that  southern  boulders  were  evidently  not 
produced  in  the  same  way  as  northern  boulders. 

The  report  of  the  late  Treasurer  of  the  Society  as  made 
out  by  his  administrator,  was  read  by  the  Treasurer,  Mr. 
Price,  and  regularly  referred  for  examination  to  the  Finance 
Committee. 

Pending  nomination,  No.  764  was  read. 

On  motion  of  Mr.  E.  K.  Price,  it  was 

Besolved^  That  the  Treasurer  be  directed  to  j»ay  one  half 
the  income  received  and  to  be  received  from  the  Michaux 
Legacy,  to  the  Treasurer  of  the  Fairmount  Park  Commis- 
sioners, for  the  Michau-x  Grove,  &c ,  agreeably  to  arrange- 
ment of  March  18,  1870. 

The  appointment  of  a  Standing  Committee  of  Botanists 
on  the  purchase  of  trees  for  the  Michaux  Grove,  in  Fair- 
mount  Park,  was  moved  by  Mr.  Price,  and  laid  over  by  the 
rules,  to  the  next  meeting. 

The  Curators,  on  motion,  were  authorized  to  permit  Mr. 
Herbert  Welsh  to  copy  the  iK)rtrait  of  Washington,  in  pos- 
session of  the  Society,  under  such  regulations  for  its  safety 
as  the  Curators  may  provide. 

And  the  meeting  was  adjourned. 
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[Otilta 


JtlPITER-CYCLlCAL  RAINFALL. 
By  TUMt  £A&iiB  Chaas,  Pbofebsor  of  Pbtsics  m  HjiviiRFOiiD 

COLLfiOS. 

{Emd  h^f&re  th^  Amiriean  PhU&nophiml  S&ckty,  June  ISJfA,  1874.) 

The  records  of  daily  rain  rail  for  twenty-seven  years,  at  "  Husband's  ** 

Btation,  fiarbadoes^  for  whicli  I  am   indebted  to  the  courtesy  of  His 

EEcellenc^  Governor  Rawson  W.  Rawson,  C\  B.,  have  enabled  me  to 

I  exteitd  my  cyclical  re^arches,  and  to  discover  some  new  and  interestlDg 

features  in  Uie  cosmical  disturbaDces  of  local  meteorology. 

Although  my  previous  iuveMtgationt»  have  conviuoed  me  that  each  of 
the  planets  exerts,  on  our  atmospheric  currents^  an  appreciable  indneDce, 
which  might  be  usefully  formulated  for  any  given  station,  provided  the 
obiCrvatioDs  were  enough  extended^  I  have  thought  it  best  to  conj^oe 
fnyself  mostly  to  tlie  study  of  such  weather  modiJieations  as  arc  depen- 
dent upon  Jupiter  and  the  moon. 

Those  who  are  accuetomed  to  think  of  simple  tidal  disturbances  im  the 
on}y  ones  to  which  we  can  rei^onably  look  for  planetary  influence,  and 
even  those  who  are  also  willing  to  attach  some  importance  to  the  modifl- 
oation  of  atmospheric  elasticity  by  direct  attraction,  are  doubtleBB  pre- 
pared to  believe,  on  sufllcleut  evidence,  that  the  moon  may  affect  our 
winds  and  storms  to  a  slight  degree,  while  they  are  extremely  skeptical, 
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formal  PtraniaffeM  0/  Ri$infttU  at  Burbaaoit  in  Jovian  Synodic  T§ar9. 
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the  disturbing  elements,  I  should  have  been  compelled  to  oonsideT  the 
eridenoes  of  lunar  influence  on  the  weather  quite  as  questionable  as  those 
of  discoverable  planetary  influence. 

My  predictions  of  increasing  range  and  regularity  of  disturbance,  in 
approaching  the  equator,  had  been  confirmed  by  comparisons  of  obaerra- 
tiohs  in  Great  Britain,  Canada,  New  England,  Philadelphia,  Lisbon  and 
San  Francisco.  Their  apparent  failure  in  an  island  which  seemed,  on 
many  accounts,  so  flsyorably  situated  for  their  yerification,  cast  a  shadow 
of  doubt  on  my  previous  conclusions,  and  I  was  even  inclined  to  ask  if  it 
could  be  possible  that  the  many  coincidences  which  I  had  taken  as  in- 
dicative of  law,  were  merely  accidentaL 

This  skepticism,  however,  was  soon  removed.  The  cumulative  action 
of  the  aerial  tidal-waves  in  blending  different  currents,  of  which  I  have 
so  often  spoken,  may  be  easily  obscured,  if  it  is  not  wholly  overborne,  by 
insular  influences,  by  the  violent  hurricanes  to  which  the  Windward 
Islands  are  subject,  and  even  by  the  occasional  intrusion  of  the  south- 
easterly trade-winds.  Where  there  is  a  liability  to  sudden  heavy  rains, 
any  one  of  which  would  suffice  to  make  important  changes  in  a  curve 
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representiDg  the  mean  of  several  jears'  obaerrationii,  it  is  not  itmnge 
thjit  ^reat  care  ibould  be  needful  in  order  to  deteitaine  the  approximate 
character  of  the  normal  liexures. 

My  previoua  diaeasaions  hatdng  nhown  that  the  lunar  ratn^eurves  at  a 
given  station  vary  somewhat  at  diflerent  aeajsone  of  the  year,  I  first  comp 
put<?d  the  normal  cur?©a  at  **  Hiwbaiid**"  for  each  month  of  the  year  in- 
dependently, and  then  ** smoothed^'  the  cnrves  by  taking  the  fourth  Bno- 
cesaive  means  between  the  daily  normalB  of  saecesatre  months.  Thia 
second  aeries  of  njormaLM,  although  insufficient  for  any  oonclusive  iufeiwj 
ence®  based  on  comparisons  between  consecuttve  months^  should  furnish 
approitiraate  evidence  of  the  normal  changes,  as  well  as  means  for  making 
eighteen  entirely  independent  comparisons  between  curves  with  intervals 
of  tive  or  six  mouths.  The  normals  for  these  two  series  of  curves  are 
given  in  Tables  til.  and  tV.  If  there  were  no  other  than  an  aooidental 
connection  between  the  several  curves,  the  chances  of  agreement  or  dis- 
agreement between  the  normal  exces,ses  or  dellcieacies  of  rainfall,  in  each 
independent  comparison,  would  be  equal)  there  being  a  probabllUy  of  15 
days  agreement  and  15  days  disagreement.  The  actual  accord  an  cea  and 
discordances  and  the  ratios  iadioative  of  a  eera  caum  in  lunar  action,  are 
given  below,  1  being  the  ratio  of  probable  accidental  agreement. 
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7 

6 

20 


Ratio. 
4.00 
5.00 
2.00 
8.29 
4.00 
8.29 
4.00 
8.74 
1.50 
2.88 
2.00 
1.90 
2.00 
1.81 
1.78 
1.65 
4.00 
6.00 
8.29 
4.00 
8.29 
8.29 
4.00 
8.50 


July 
u 

Sum. 


Sum. 
Sep. 


Sum. 
Oct. 


Sum. 
Nov. 


Sum. 
Deo. 


Sum. 


Deo. . 
Jan.  . 
Feb.. 


Jan. 
Feb. 
Mar. 


Feb. 
Mar. 
Apl. 


A. 

.  28 

.  25 

.  24 

72 

.  20 

.  28 

.  18 

61 

.  24 

.  21 

.  20 

65 

.  20 

.  17 

.  24 

61 

Apl 19 

May 25 

June 28 

67 

May 28 

June 28 

July 24 

70 


Mar. 
AdI. 
May, 


Summer,    Winter 22 

Spring,    Autumn 21 

Vemsd  Equinox,    Autumnal  Equinox 18 

Summer  SolAtioe,  Winter  Solstice 28 

Mean  Annual 22 


D. 

7 

5 

6 

18 

10 

7 

12 

29 

6 

9 

10 
25 
10 
18 
6 

29 

11 

5 

7 

28 
7 
7 
6 

20 
D. 
8 
9 
12 
7 
8 


BaUo. 
8.29 
5.00 
4.00 
4.00 
2.00 
8.29 
1.50 
2.10 
4.00 
2.83 
2.00 
2.60 
2.00 
1.31 
4.00 
2.10 
1.73 
5.00 
8.29 
2.83 
3.29 
8.20 
4.00 
8.50 

Ratio. 
2.75 
2.83 
IJJO 
8.29 
2.75 


TABLE    IIL 

Normal  Perctnlagei  of  Raii^all  at  **  Hutband^i,^*  on  Lunar  Day  of  each  Calendar 

Mon£kffor  Independent  Con^aruont, 


1 

Jan. 

....  76 

Fob. 

08 

00 

07 

01 
106 
120 
122 

07 

81 

01 
120 
133 
113 

S3 

60 

76 

85 

87 

80 

08 

00 

88 

00 

00 

08 
101 
111 
122 
122 
100 

Mar. 

67 

64 

06 
138 
160 
163 
108 

^7 

54 

54 

76 
116 
162 
104 
188 
123 

82 

87 

83 

70 

64 

66 

58 

66 

06 
117 
116 
100 
106 

76 

ApU 

184 

112 

66 

86 

41 

60 

70 

67 

58 

50 

80 

108 

113 

87 

61 

66 

61 

67 

87 

114 

131 

141 

134 

02 

44 

46 

122 

218 

257 

237 

May 

128 

116 

112 

112 

111 

100 

112 

•  115 

110 

114 

04 

70 

75 

78 

86 

IS 

04 

80 

70 

61 

42 

61 

110 

140 

180 

80 

06 

138 

147 

Jane 

70 

81 

80 
106 
118 
100 

04 

07 
107 
122 
158 
186 
166 
118 

80 

90 

77 

88 
104 
106 

04 

85 

n 

74 
70 
03 
107 
06 
73 
63 

July  Aug. 
62   112 
68   122 
76   110 
80   102 
02    84 
117    77 
134    02 
128   117 

110  128 

117  116 
112   luO 
106    06 

111  106 
133   118 
156   124 
160   107 

118  76 
00    68 
70    68 
78    78 

87  76 
02    70 

88  03 
83   101 
83    05 
02    05 

m    112 
102   126 
70   118 
08   107 

Sep. 

116 

130 

137 

137 

131 

116 

104 

100 

124 

144 

147 

118 

02 

80 

88 

80 

68 

60 

61 

76 

80 

86 

60 

62 

81 

101 

101 

04 

02 

00 

Oct. 

81 

87 

114 

110 

107 

107 

112 

117 

128 

131 

114 

07 

06 

107 

104 

86 

71 

72 

76 

82 

01 

03 

88 

86 

86 

06 

113 

123 

120 

103 

Nor. 

74 

64 

70 

03 
108 
114 
120 
160 
160 
166 
148 
137 
110 

74 

61 

64 

67 

74 

88 
107 
110 

06 

86 

04 
113 
116 

98 

88 

88 

8* 

Deo. 
05 

2 

....  83 

116 

8 

....  80 

138 

4 

....  88 

HI 

6 

....  00 

76 

6 

....  00 

72 

7 

....  100 

M 

8 

....  124 

111 

0 

....  147 

104 

10 

11 

....  161 
163 

00 

101 

12 

....  120 

100 

18 

14 

15 

....  101 
....  84 
....  70 

100 

lao 

148 

16 

....  80 

128 

17 

18 

....  88 
....  105 

07 
100 

10 

20 

ai 

....  116 
....  108 
....  03 

1*7 
106 
00 

22 

....  86 

47 

28 

....  06 

40 

f4 

....  100 

8t 

25 

....  101 

71 

26 

....  80 

02 

27 

....  88 

lis 

28 

84 

120 

20  .... 
80 

....  76 
....  71 

m 

102 

ir*4,i 
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If  tbeee  accondaDces  c&u  he  properly  inteTpreted  aa  indicative  of  lunar 
inEnenoe,  they  t^preaent  results  aoalogous  to  those  we  might  look  for 
from  the  simple  means  of  ob^rvation  exteudeil  over  a  periotl  of  about 
oue  hundred  years*  When  the  aven^^  daily  temiierature  is  most  settled, 
near  the  Summer  and  Winter  Solstioeai  the  luuar  eurves  aeem  motst  ac- 
cordant, while  they  are  most  opposed  when  the  changes  of  aeaeon  and 
lemijerature  are  most  rapid  and  iu  the  most  opposite  directions,  near  the 
Vernal  and  Autumnal  Eqninoxea. 

Having  thus  shown  that  the  general  agreement  it  too  great  to  be  re- 
garded as  merely  accidental,  and  that  there  are  valid  reasons  for  im- 
portnut  difTerenoes  in  the  curves  for  diJiereut  months,  we  are  prepared  for 
the  sixty-aix  comparisons  of  entirely  independent  curves,  for  which 
Table  IIL  furnishes  the  data.  The  sums  of  the  agreements  and  die, 
agreements  between  the  curves  for  each  month  and  for  all  the  remoimng 
months,  are  as  follows : 


k. 

D. 

A. 

D. 

1 

A. 

D. 

January, 

February, 

Murch, 

April, 

in 

200 
190 
US 

15T 
130 
140 

182 

May, 
June, 

July, 
August^ 

no 

IftS 
196 
180 

160 
132 

ia4 

150     ' 

fill 

1»8 
203 
ISS 
170 

132 
128 
U2 
151 

Here  again  we  find  oouvincing  evidence,  and  in  some  respects  more 

•alisfaictory  than  before,  of  a  uuifomiitj  of  lunar  action  that  is  obscured 
by  tlie  preponderating  variations  of  solar  action,  only  in  the  single  month 


TABLE    rV. 

Months  /or  in^tpfltStfU  Camjjnrf J  on*  «!  /islrrtjal*  of  Fit^e  or  Six  Man.th$, 


w — 

JiB. 

FetK 

Mar. 

ApU 

May 

Judo 

jQlj 

AUR. 

Sep. 

ttet. 

Nt/v. 

D«i*. 

!„.,.,. 

..  u 

w 

Ill 

IM 

1(J2 

80 

80 

93 

99 

00 

Ml 

81 

1.  «••■•# 

..  n 

n 

M 

102 

vr 

89 

\ih 

100 

1^ 

04 

^3 

85 

a....... 

..  w» 

^ 

t7 

m 

03 

92 

98 

lU 

117 

110 

«8 

00 

♦....,.. 

,•  w 

m 

•1 

91 

9T 

97 

08 

100 

118 

IU 

im 

1D0 

i 

.*  u 

KM 

105 

99 

104 

104 

99 

101 

109 

111 

104 

06 

•....„. 

*.  lOX 

114 

118 

101 

IM 

107 

103 

^ 

1§;* 

lOS 

lOfl 

100 

T.*,.... 

..  Ill 

110 

102 

97 

103 

108 

109 

loa 

100 

113 

no 

lU 

S...... 

..  118 

101 

88 

91 

1(K 

111 

110 

ILO 

118 

1^ 

i^ 

13» 

m 

19 

tra 

90 

10& 

113 
117 

1J9 
11M 

125 

IIM 
132 

132 

iHfl 

ISO 

»:;:;;:: 

330 

XI 

,«  IM 

IM 

M 

B*k 

IIT 

Vi& 

1?S» 

118 

i*a 

r28 

1S9 

m 

19....... 

..  m 

m 

110 

110 

12S 

1^2 

120 

108 

lOfl 

111 

118 

I?0 

M 

..  100 

111 

no 

112 

118 

125 

118 

lo& 

104 

100 

103 

lOT 

u 

..   w 

it»* 

111 

102 

102 

114 

120 

113 

103 

97 

91 

97 

».*.•*.. 

*.  u 

OS 

n 

n 

09 

lin 

in 

lU 

103 

90 

85 

a« 

li.-.-.. 

..  n 

Sfl 

u 

88 

8T 

1113 

m 

100 

91 

80 

7S 

HI 

».--,.. 

..    M 

85 

TB 

n 

S3 

w) 

fh} 

u 

73 

70 

71 

79 

14 

..  m 

94 

80 

84 

B8 

80 

77 

01 

05 

e« 

77 

8lt 

W..-„,- 

..  lot 

itra 

m 

00 

n 

00 

IW 

TO 

(K» 

78 

87 

101 

16....  .. 

..104 

m 

93 

89 

89 

88 

83 

79 

80 

87 

9fi 

l«i 

11 

..  m 

01 

02 

g& 

Si 

NJ 

88 

83 

87 

91 

109 

9» 

n 

..    T7 

*ta 

90 

B^ 

70 

80 

84 

85 

87 

90 

m 

81 

9 

..    19 

80 

M 

M 

Tw 

10 

80 

85 

H-i 

m 

m 

77 

WL 

.     il 

n 

n 

94 

01 

87 

80 

8& 

81 

82 

88 

84 

........ 

..    »4 

» 

91 

00 

103 

n 

88 

•tT 

tin 

Ul 

9* 

90 

m.,— * 

.,    W 

«4 

Bi 

97 

103 

w 

90 

90 

9S 

Hfi 

104 

103 

..  101 

105 

110 

lUO 

102 

104 

107 

vn 

laT 

lor 

105 

!*»?? 

^^■«->a. 

.,  m 

111 

130 

u% 

113 

104 

10^ 

m 

no 

I'-O 

l*>!i 

lo:j 

lif«i«-,.. 

.    09 

iVl 

lai 

lao 

124 

V« 

93 

i'« 

IM 

100 

103 

101 

io........ 

.  m 

W 

lU 

IM 

119 

67 

B^ 

94 

100 

98 

9J 

9il 

Chase.]  ^(X)  [June  1«, 

of  April.  If  we  examine  still  more  closely  for  dues  which  may  be  of 
possible  Aiture  service  in  the  study  of  the  reasons  for  accordance  and 
discordance,  we  find  that  in  nineteen  instances  the  discordance  is  greater 
than  we  should  expect  if  it  were  merely  casual ;  in  Atc,  it  is  the  same ; 
and  in  forty-two  it  is  less ;  as  will  be  seen  by  the  following  statement  of 
the  numbers  of  discordances,  and  the  curves  by  which  they  are  severally 
shown : 

Excess  of  Discobdaivcs. 

20,  Aug.-r-Nov.;  19,  Jan.— Mar.;  ApL^May,  Apl.— Oct.,  May— Jul., 
May — ^Dec,  Nov. — ^Dec.;  18,  Jan. — ^Apl.,  ApL — Jul.,  Apl. — Sep.;  17, 
Jan. — Aug.,  Jan. — Oct,  Apl. — Aug.,  Apl. — ^Nov.,  May — Jun.;  16,  Feb. 
— Aug.,  Mar. — May,  ApL — Jun.,  Sep. — Dec. 

Aybbagb  Discordance. 

15,  Jan.— Feb.,  Jan. — ^May,  Feb. — Dec,  Mar. — Apl.,  Jun. — Aug. 
Excess  of  Aoreehbnt. 

14,  Jan.— Sep.,  Feb. — ^May,  Mar. — Aug.,  Mar.— Nov.,  ApL — Dec.,  Oct. 
— ^Nov.;  18,  Jan. — Dec,  Mar. — Sep.,  Mar. — Dec,  Aug. — Sep.;  12,  Jan. — 
JuL,  May — Aug.,  May— Nov.,  Jun.— Dec,  Jul. — Sep.,  Jul. — Dec;  11, 
Feb. — ApL,  Feb  — Jun.,  Feb. — Jul.,  Feb. — Sep.,  Mar. — Jun.,  Jun. — Oct., 
JuL — Aug.,  JuL — Nov.,  Oct. — ^Dec;  10,  Jan. — Jun.,  Feb.— Oct.,  Feb. — 
Nov.,  Mar. — Oct.,  May — Oct.,  Jun.— Jul.,  Jun. — Sep.;  9,  Mar. — Jul., 

Table  v. 

Normal  Percentaget  of  Rain/all  at  "  Huiband'i^"  on  Lunar  Days  of  each  Calendar 
Month  J  for  Forecaete. 

Jan.  Feb.  Mar.  Apl.  May  June  July  Aug.  Sep.  Oct.  Nor.  Dee. 

1 86  M  110  117  100  91  80  05    07  00  81  8S 

3 00  02  95  09  00  Oi  07  105  106  06  M  86 

8 07  04  00  80  02  04  100  110  114  100  101  07 

4 08  05  02  02  06  02  100  100  116  114  107  101 

6 07  102  lOS  102  108  108  101  103  108  100  104  06 

6 104  1(»8  108  106  104  106  102  101  lOS  106  106  102 

7 112  108  103  00  102  107  108  100  107  112  116  114 

8 117  102  01  02  101  110  115  116  118  122  128  127 

0 120  00  86  00  108  113  110  123  127.  182  136  188 

10 124  106  01  08  106  110  120  126  182  136  188  134 

11 128  118  104  103  114  122  121  120  124  127  120  180 

12 123  122  117  116  123  127  120  111  108  HI  •  116  120 

13 110  115  110  115  118  122  116  108  108  102  103  107 

14 1"0  105  107  104  105  113  117  112  104  08  00  97 

16 03  00  91  03  07  100  118  115  108  02  87  80 

10 85  86  84  88  00  102  100  104    02  82  78  81 

17 84  84  80  70  83  00  88  81    74  71  78  79 

18 04  02  87  85  86  84  77  60    66  70  78  88 

10 104  00  02  00  01  88  80  72    60  75  88  00 

•^0 103  00  04  90  80  87  83  80    82  87  05  101 

21 01  01  00  86  82  83  83  84    88  06  101  00 

22 70  83  87  85  70  80  88  85    87  80  87  81 

23 80  85  88  85  81  81  84  84    R8  81  80  78 

24 88  01  02  02  01  88  86  84    82  82  83  86 

25 03  03  94  08  00  94  80  88    80  01  04  06 

26 08  05  95  07  100  00  06  06    00  102  103  l*  1 

27 1U2  105  108  106  104  104  106  108  107  107  105  108 

28 106  117  ISO  130  116  1U7  108  110  110  108  106  104 

20 1U3  118  143  148  126  102  00  101  105  106  103  101 

30 02  105  130  130  110  04  87  03  08  07  04  0| 
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JuiL^KofVi,  Jiilp— Oot,  Sep*— Oct,  Sep.— Nov* J  8,  Aug.— Oct,;  7,  Jaa. 
—Nov.,  May — 8ep.,  Aug.— Dee.;  <),  Feb,— Mar. 

Tlie  gt««te«t  amouul  of  change  produced  by  th@  lateral  Amoothiug  h 
fthawn  in  tbe  following  sunitiiary  of  oompariooias  between  Table  IIL  and 
Table  V.  r 


A. 

0, 

A.      U 

A. 

0. 

A,     D. 

Ja&> 

22 

s 

Apt     21       9 

JnL      26 

4 

Oct. 

24      6 

T%K 

26 

4    i 

^Uf     W    11 

Aug,    23 

7 

Nov, 

33      7 

Mmc. 

211 

7    1 

Jun.     23      8 

Sep.     28 

7 

Dec. 

18    13 

Table  V*  is  formed  from  Table  IV.  by  feiking  two  ijulditional  §nceefisiv© 

mnanii,    I  am  inclined  to  tliink  tbat  ita  normals  would  best  repreeic'Ut  tbo 

meanfl  of  ob^rrations  extending  over  inde»0nite  long  }>eriods,  but  Table 

III.  would  perbapg  more  neiarly  indicate  the  disturbances  of  mean  lunar 

iiLllueuce  tbat  migbt  be  expc^cted  at  different  eeaaims  of  the  year.     It  ii 

^  pOBsiblethat  by  systematically  compariag  ni on tbly  observations  with  each 

^  of  the  tables,  probable  causes  for  any  marked  deTiations  from  the  nor* 

ula  might  be  found. 

Table  I.  presents  three  sets  of  solar  and  %\x  sets  of  lunar  normals,  each 

'>  of  which  is  derived  from  observations  extending  over  equals  but  non- 

oomspondejit)  periods  of  one  hundred  and  eight  months.     They  there* 

fl&n  f^niiflh  data  for  three  entirely  independent  solars  as  well  as  for 

■  aeven  entirely,  and  three  nearly  independent  lunar  comparisons.     The 

lunar  columns  cover  twenty-seven  years'  observations  in  the  following^ 

months;    Summer  SolstioeT  May  to  August,  inclusive;  Winter  Solstice, 

November  to  February,  inclusive  ;  Vernal  Equinox^  February  to  May, 

inclusive ;  Autnmnul  Equinox,  August  to  November,  iuelusive  ;  Vernal 

,  and  Autvininal  Equinox,  March^  April,  September,  October ;  Summer 

)  and  Winter  Solstice,  June,  July,  December,  January.     The  solar  columns 

exhibit^  as  wo  might  expect,  tlie  oloaest  aocordance.    The  lunar,  in  spite 

^  of  the  great  irregularities  in  Spring  and  Fall,  also  exhibit  a  predominance 

N>f  aecordanoeH  in  each  of  the  ten  coniparisaDs,  whereas,  if  there  were  no 

{ fnsU-marked  lunar  action^  we  ought  to  have  found  a  predominance  of 

I  disagreements  in  five  of  the  compariaonSt 

Thd  accompanying  curves  ilinstrate  some  of  the  more  Lmportant  results 
of  tbe  foregoing  discussion  ; 
Curtea  1-12  (Lunar),  illustrating  Table  IV. 

1*  January.  4.  April.  7.  July.  10,  October, 

2.  February.  5.  >lay.  8.  August.  11.  Kovember, 

3.  March.  6.  June,  0,  September.     13,  December. 
Curves  lS-15  (Lunar),  illustrating  Table  I. 

13.  Bummer  Solstitial,  coDtlnuous  line. 
Winter  **         broken  line* 

Vernal  Equinoctial,  continuous  line. 
Autumnal      **  broken  line. 

Mean  Eciulnoctial,  continuous  line. 
Solstitial,  broken  line. 
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15, 
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Curv«j  16  (Bt)Ur),  Ulastrating  Table  I. 
16.  iH47-*55,  continuous  line. 
1850-^M,  broken  line. 
1805^*73^  dotted  Une, 
Cmire  17  (Sal&r  and  Lunar),  illustrating  Table  L 
17*  Solar  meati,  continuooB  Line. 
Lunar     "     broken  line. 
The  horizontal  line  in  each  figure  repr^esenta  the  mean  dailj  r^infaU 
for  the  entire  period  represented  by  the  curve  ;  th**  absciseas,  the  tirae« ; 
mid  ihv  nidmatf*^,  the  norrij;il  pen  enta^e  of  ©x €©->■«  or  dt^flcipncv  <'f  ruin- 


INI 


falJ.  Th«  tuigiu  uf  the  i*h»ei»8a»  j»  at  New  Vi^a-r  in  tbe  suiitr  caive», 
and  at  full  moon  in  each  of  the  lunar  curves,  except  figure  IT*  whei'e  it  ia 
taken  at  now  moon  in  onler  to  show  the  analogous  e^bctH  of  increasing 
radiation,  both  in  the  aolar  and  in  the  lunar  curvefi.  At  Lisbon^  where 
the  prevailing  winda  are  from  an  opposite  quarter^  the  lunar  influence  is 
ahK>  opposite,  increaaing  lunar  radiations  and  decreasing  aolar  radlationa, 
each  hnnging  increase  of  rain. 

"Husband****  Station  is  in  8t,  Lncy'i  parish^  northwestern  part  of 
BarUadoes,  not  far  from  the  coast,  1@4  feet  above  the  sea.  In  the  fctllaw- 
tng  tables,  new  moon,  flrsl  quarter,  full  inooi^  iMTt  quarter^  are  rosp 
tiTely  marked  hj^  n,  iv,  f,  b.. 
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CRaw9on.             ^1 

RAINFALL  AT  *•  HUSBAKD'S^  BABBAIIOES. 
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RAINFALL  AT  •*  HU8BAND*8/*  BABBADOES. 
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BAINFAI^  AT  »«mmBAlfB'S,"  BAMBAHOBB. 
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.23 

.33 

3.00        .21 

f   .18 

.or 

04 

,11b    .32  b 

.m     M 

^        7 

J 

,14 

.06 

.10 

b    ,37 

1.66 

L16       .06 

is      ft 

.SO 

.13 

03 

.OS 

.10 

.61!    1-^ 

8.78       .061 

1      13 

.12 

.OS 

b    ,18 

b 

.fli 

.03      2.74'       ,00        ,0ft 

.S3 

.06 

b 

.13' 

Q 

.80 

.04 

b 

.00 

.01 

1.40 

'        Mn 

.06 

b 

b.48 

M 

.04 

a,  30 

1.20 

.20 

S     IS 

b  JT 

-li 

M 

.01 

.oa 

.1ft 

.02 

n    .Md 

L7S      104 

t       14 

.10 

.10 

.09 

.14 

.33 

.OL 

M 

ISO 

Q     ijs 

.01 

H    ,03 

,01 

a    M 

<^ 

,1411    .38 

.07 

4.06 

--      IT 

.oe! 

.03 

n    .08, 

>07 

1       .31 

S    ^ 

.00:    .03 

,3$ 

n.Ofi 

1       .04 

.01 

a    .63  a 

Z.    i» 

.(13  ft  .30 

& 

,37 

.08 

a 

,      .00 

r  s 

.07j 

n 

1 

.03fe 

3.80' 

n.ia 

.14 

.03 

S      33 

.01 

1 

1 

.M 

,00        .14 

a 

.41 

-      33 

.aft    .01 

.13 

Mm.    .03 

.20 

.sa 

,13      .00 

1 

m       1 

,1ft 

.00 

3ft 

M 

.36 

.04        .01 

.08 

,06 

30 

M 

.10 

.Tt 

a  .08 

.10 !        31 

f 

f 

tf 

M\ 

1 

a 

1.70 

.03        .01 

f 

M 

38 

1*  ,01  a. 

123 

.70        .14 

f 

SB 

»*07 

Ji 

f     .00 

.26 

LSI 

.Sft 

30 

.10 

.10 

,01 

.oa 

LOO 

.07 

4.87 

.09 

SI 

1 

.Oft 

Blum     3.5ft!   i^flgi  2.03    1.S7 

0ft4 

>     3.78      3.3fl 

7.81 1     ft,03    10,1S    18.5a'     6,24 
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[Jane  10, 


SA1NFAL£<  AT  "  HUSBAND'S,"  BASBADOES. 


Dsfi. 

Jul.  Feb. 

M„ 

Apl. 

May. 

JWIQ. 

July. 

Auff. 

S^. 

CNlt. 

Not, 

Doo, 

ToUl 

1 

lb  Jit 

.31 

.30 

I'll 
.00      .oa     .8211   .20!    .0£ 

£ 

b  .08;     .10 

b 

vu 

.02 

.11      .oin.oi 

.331     .19 

a 

.2»      .B« 

IS          1 

i     >^ 

10411 

.^ 

,20j     .9ft 

4 

1     ,0B 

n    .10, 

.06 

i  I 

'^ 

,13 

.19 

.10 

*u 

.OS 

.08 

.82      .« 

,12 

n       ' 

n    ,ft7 

.10 

oa 

.u' 

.04 

B  .n 

.02 

.30 

.01 

ft  IM  ft 

^       « 

t^ 

,20  n  .041 

.4fi 

.3U 

.14 

.09 

.01 

.30 

f    rl 

n 

.14' n  ui     .W9      t.n 

.09 

.13 

.10!       ,1Z'%  M 

1.88 

M[     .as;     .00        2.28 

.12 

.OS  ft 

.73 

.31 

1    " 

g       IB 

1    \i 

.32:     .10 

M^    A9 

.12 

.SA 

,«)      .SBl      ,30, 

.09 

.03 

.09 

.01 

.2ii 

.01 

.21 

ft    M 

.31 

.19 

.09 

m  M 

M 

.07 

.01 

ft  .01 

.li'     .M 

M 

.06 

.    *** 

f 

f 

3       X* 

Ift 

ft 

,0& 

f 

.48 

*-       17 

& 

.Q2)L.0SI     .Oil 

.11 

.18 

T     .46 

.OS 

.30 

4.50 

f      1« 

.Oil     .031 

^ 

ft    .«0 

f   .oa 

2.a7 

JM 

.09 

•11 

-       1« 

.17 

.01 

21 

.11 

.13 

,10 

t*      » 

,08 

.14 

.03 

r 

1.20 

M 

.01 

i   S 

JO 

f     .03 

1.10 

.m 

.09 

M 

.C3,n 

.or 

.14 

M 

.40 

.18 

^     2a 

,0!lf 

M  r  .a* 

L2U 

.11 

,10 

.07 

b    .3« 

b 

^       24 

\ 

M      .13 

.oa 

.48 

IB 

.01 

26      f         1 

f  .01 

01 

,w 

b   ,0ft 

b  .U 

.00 

« 

.06'     .«li 

.01 

,11 

.09 

b    .20 

.oa 

.SB 

.44,     .94 

27 

.00, 

.03 

,09 

b    M 

.40 

3.23 

.33 

28 

42!    m 

.12 

.25 

.11 

b 

.22 

B.OI; 

.Oil 

311 

.2S 

M 

b 

.98 

.03 

.01 

1,4a 

.1ft 

«1 

1 

b 

140 

.03 

.03 

.09 

n   .0111.01 

^ 

.««, 

b 

4.29 

.03 

'^1 

Bom 

_?*** 

JLIU 

102 

..3-« 

_ia.M 

_&M 

_*:?J 

4,791   12,20 

_LT* 

7.3J    9.1T 

BftWj»ii.V«b.W  Apl. 

Mftf. 

Juae. 

July, 

Aa«. 

Sep. 

0.. 

No.. 

^ 

Tolftl 

1     .01      .23 

97 

ft    .04 

.00 

.49 

1 
12T 

.19                .OB 

.03*       .40 

,1* 

.» 

1     .16'     .11 

ft    .40  ft    .03 

.02 

.24             1   1.31 

ft   01'     .03      .t8' 

1       .29 

.93  r           f  .26 

i  ; 

ft  Oft      04 

ft  .13ft 

.03 

L60 

.04 

.06;       .97      .14 

ft  ,01 

,01 

.06 

t      .03 

f              .98      .07 

,04 

.09 

.09 

14 

.90'      .10 

ij 

1.S9 

f 

.» 

.00,            1 

.U 

.09 

.68 

IM 

.10 

.09 

r  .09  r 

,03 

.96 

250 

11 

12 
13 
14 

Ift 

.32 

.40     .09 

.01 

3.36 

,28  1 

1 

.19       .10 

.n  b  9.9.1  b 

1 

.01 

f 

.01       .u 

.09:blOT 

.96 

f  .40 

f 

.09 

.01 

,01 

b 

.30 

.07 

.39'     .11 

,01 

.39' 

,17 

.38 

b    .33 

-It 

.ST 

5       " 

.03 

1.14 

.03  b    .06 

.01 

.01 

.00 

.01 

.03 

b    .20 

.01 

.33 

.11 

•^ 

tf      13 
fl      IP 

.09      .08 

.09 

m 

.u 

.07 

b 

b 

1.941 

a 

fr      30 

a       SE3 

"^    34 

b 

.01 

.0« 

.03 

,11    .SO     M 

b 

b 

1.03 

.u 

.11 

nm      ,11 

.37,       .09 

n    .00 

.10 

.14 

.19       M 

n   .00 

.07 

11199 

.18 

.04 

25 

.19 

n            .04 

.18 

.IT 

.09 

3d 

.11 

a 

n 

.13 

.90 

.10 

1  i.si;ft 

ft 

27 

.19 

M 

n.QT 

.98; 

.08 

.44 

38 

tl.31 

,03  n 

.84        .14 

.16 

.01  ft 

2a 

.06'       .07 

.40 

ft    .04      .31 

ao 

.10 

.00 

.33 

1      *^M 

! 

vt 

.09 

J04 

ft    ,10 

\ 

Smn 

1.89'     .34 

113 

LOS 

1.9S 

ft.40      8  3i 

4H 

3,971   8.44:   14  70    3.11, 

1 

207                             [iu».  H 

I  _ 

RAINFAI^  AT  '*HrSBAND*S/«  BARBADOES,                                       f 

^1             DAjf.  Juu  Ftb.  Mftr  ApL  Ma^  Jii]iii,l  JqIjJ  Aug, 

Sep. 

Got 

Wot, 
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■ 

It'll          1           "          1          1                    '          ! 
1          ^ftf        1     a«            f    TO        .u:            1     130        .n        Mb    M\>    Ml 

■ 

1     .»] 

1           f           IM 

101             b    .4«       M           [ 

^^^H 

3      f        1 

Ml 

.i>&         1 

1       .02  b    .OB 

^^^^H 

^^^r 

4 

M 

M 

h    .61        .lAl            1 

'^^^^H 

. 

» 

.n 

1 

31        .0«        .391 

,34       .84 

^^^^H 

1 

# 

.M 

aft 

U    .04        .03      L31 

.80        ,04 

^^^^H 

.» 

1 

1    n       1 

b    .lOt       .11        .13 

i.n     .081 

^^^^H 

^•• 

8 

1    .T»          b 

.81]             1       .10      1.0& 

^^^^^H 

B 

U     ^ 

jri)         mb     I 

'       .S8. 

& 

n 

^^^^H 

K 

la   1 

11      .Mb       1 

.30             \        00         Oft        ,3»0         1 

^^^^H 

1 

11      bL7«           1 

M     &00     10411    .IS 

^^^H 

1 

12          M          1 

.14 

1     .4&0   .na 

M 

^^^^H 

19         ai      .09      .SI 

fl                  .06, 

.38            1 

^^^^H 

u       m 

.38 

ti           as      .1^ 

.80        .03       .00 

^^^^H 

Q 

n  '       1 

MH 

.<}4                     .M 

.28        .10 

^^^^1 

o 

la           U 

a      1 

80^     .20     .oal     .«o 

ft    .15  ft 

^^^^H 

IT 

n 

1 

.Ofl      .08         1    a.10 

.10           1 

^^^^H 

% 

IK    a      '    ^ 

.03           ' 

.SOI       .^1       .OS  ft 

^^^^H 

19              1          1 

.40        .24(1 

^^^^H 

& 

20 

1 

.30*    .OH 

.08 

M 

^^^^H 

IS 

*n 

.a»        1 

.IS 

.3ft              t       .3S 

I^^^^H 

^ 

M 

.Oft      ,90            1 

ft     .00  IV 

.06       .04'       .10 

'^^^^H 

4 

5«      , 

tk  .li 

M            1^  00        .90             i            1 

.60  f     .81  f     M 

^^^^H 

24      i 

^ 

»  .14      .^ 

.'i«>        .10      8  «i 

.ftfi 

\      .05 

^^^^H 

3^     j 

ft        1           1          ' 

.2fi        ^44      a.Mf 

f    48       40 

^^^^H 

^^^^ 

aft 

.CO            1 

.16 

,78       .81^ 

^^^^H 

^^^H 

» 

M 

.30' 

f     ,78 

.00'      M'      .08 

^H 

^^^H 

9S 

.10 

.Ml 

.00 

.01 

1.0«:                  .04 

^^^H 

Si 

jm,    .20, f    .« 1    ao| 

.01 

40,       ,81 

^^^^H 

^^^H 

» 

X^^JU'     .U       .Ofi        .^'       .li 

.60 

.90        .08 

^^^^H 

r . 

SI 

If  .14I        1     ao: 

.10'            lb    48 

^^H 

Si&ai    6.S1 

13§ 

Jt.^    afta    frlil     M4      T42     1S31<     e»l     ft.40      ftST      4  36 

1 

1 

1 

ttar  Apt 

1 

Mftj'june.  Jml7 

Aag 

8»pt. 

Oct. 

NOT. 

D«e. 

T0U11      1 

.13 

.11'        60 

.11, 

.03 

1 

\     M 

.18 

n       ,11   .11 

48 

^^^H 

M 

SJ 

1     .fta 

LOS 

.63 

^^^^H 

^^^B 

M 

.m 

n 

M^      ,0T 

.U'       .13 

^^^^H 

^B 

.•mn  M 

.4411 

4  30,                  .10 

ft    .aOft    48 

^^^^H 

■  1 

i    mti     1    AH 

.08 

3.34> 

^^^^H 

n  JB      40 

.03 

M       *Vi       -70  ft 

ft 

.08 

.78 

^^^^H 

^ 

.m      .13 

.04 

a  1.30, 

.08 

.78 

^^^^H 

^4 

.Oft 

i 

.or      1.06       .Ml      .TS       .04 

^^^^1 

« 

a    .03  ft     10 

.17'       .18 

.«T 

^^^^H 

1 

.«,          1 

m. 

\            I       .31 

.13, 

328 

f 

^^^^H 

M      JO 

M% 

.90 

.6i'            1       .oaf      02 

^^^^H 

1 

t  .40 

m 

.TT;       .72  f 

.20 

M 

^^^^H 

a  .10,     M 

t      26       J6 

.02 

^^^^H 

^ 

.«' 

M,           1 

.06 

^^^^H 

2 

oa    .la 

1 

.33 

^^^^H 

.03 

1     .10 

.32        .00 

,01 

^^^^H 

-*"' 

f 

m[ 

.83 

M 

^^^^H 

-* 

.n 

f 

b 

b 

^^^^H 

£? 

f 

f 

.00       .01       ,U| 

b    .07 

.18 

.06 

^H 

1 

f 

.01       .34 

M       .04b 

.03 

.44 

22 

f 

1     M 

ib    .07 

.0« 

> 

.38 

^^^^H 

3:1 

M      AV. 

.20     3.M 

2fi 

.01 

.03 

^^^^H 

•^ 

U 

i 

b     01       M 

.31 

^^^^H 

m 

1 

b    ,09 

M       .49 

.«« 

^^^^H 

39 

.02 

M 

.09 

.OS 

.03 

.m 

^H 

» 

b      b  .sa 

.40 

.10 

n 

n   .Ofl 

^H 

ss 

b 

.«        .14 

Mn            ,07 

39 

b 

b 

1 

.06 

n            .03 

i       ,04 

^H 

30 

n 

.74     tU 

[      1.0] 

^H 

U 

M- 

Q 

a4{ 

,   M^            ^^g 
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BAINFALL  AT  •' HU9BAXD*S,"  BABBADOES. 


Dayi. 

Jan. 

Fab. 

Mar 

Apt' May' Juna.!  July. 

.     J        1          1 

Aug.' Sept. 

Oct 

Nor. 

Dee. '  ToUl 

1 

.00 

a 

a 

.J 

.u:     1.80 

f    .56  f    .10 

2 

.07 

a 

2.75 

1 

.28 

.08 

j 

8 

a  .02 

.03 

.05 

.05'       .80             ;f     .COf    .07 

.01 

[ 

4 

.20 

.10,     .08 

.17        .08        .24      1.00       .28 

^        6 

.05 

.88 

.10,            if     .58       .41 

1    ? 

.87 

.20 

8.80'  8.85 

1            1     4.00,       .28 

.12 

.02 

f    .12  f    .07,            1       .04 

i   S 

f  .08 

.00 

.40  f 

1                   .12        .22 

b 

b 

.10 

r     1   .90 

.08 

.20        .07 

LOO 

.81 

CO       10 

f 

.88 

f 

•42 

.80  b 

b 

.00 

.03 

1   " 
1   It 

.10 

.CO 

1.42       .00        .70       .C8 

.10 

.60 

.08 

.17        .00  b    .25 

1.85 

1 

.01 

.07 

.28             1       .18 

.01 

.28 

.10 

.88 

.52  b         1            1 

.01      l.» 

.07 

.15 

.20 

.21b    .00             1            i       .02 

121        .18 

.26 

o      1« 

b  J20 

.11 

b 

.11'       .85       .82 

.08  n 

n        1 

n      " 

b  .10 

b 

.10 

1.U8             1     1.42n    .08        .05 

.01 

tS       18 

.10 

b 

.05        .05  n    .10       .48 

^       19 

.04 

.VI 

.41  n 

.07.       .00 

f      » 

.00 

161 

1.42 

.09 

S       '^ 

.11 

.03 

.10 

n 

n    .47             '       .40 

.10 

g       22 

.14 

.22 

.10             1       .81        .20 

1     100 

5       28 

.TO 

.17 

.83 

n  .81 

.00        .22;       .18        M 

.40' 

n  .84 

n 

.46             1       .51        .07 

:a 

a 

25 

n 

n 

.00             1       .03        .10  a         1 

.05 

2e 

.11 

.10 

.85             1       .02  a    .80             i       .60 

27 

.02 

.23              a    .75.   .        1 

.07 

28 

a         a    .10       .50|           !      .17 

.30 

20 

.05        .211       .521       .CO        .18      1.78 

.50! 

8u 

.10 

a  .27,a                   1     1.20       .17       .20       .00      1  80 

.co: 

81 

.12 

1                    1                114;           1      .08 

f     22| 

Sumi  1.84 

_6.5lJ 

2.52 

4.877.48  _  0^_  7.05  .  11.07_0  01  _4.09j^l0.17 

2.161 

D-71.JM1. 

Fab. 

MarAplJMa> 

Jane. 

July. 

Aui. 

Sapt, 

(M.    Not. 

D«, 

TMa 

1 

.64 

1.21 

3 

.1ft 

14 

jm 

.10 

.04      I.OD 

M 

3 

.03 

.40 

.70 

,10 

ao 

* 

.do 

b 

b 

b 

.40 

.u 

.         * 

.10 

bao 

.M 

M 

.0411 

a 

i   ? 

.16 

.04 

b.oib          .81 

/m 

\m 

1.57 

.60 

b  .2* 

b.N 

1                    .Oft 

.14^U 

u    JO 

.40 

.71 

1  • 

(»       10 

.10 

.10     .07       ,U 

.u 

.80 

*0T 

.30 

a    .81 

.40 

.M 

.01 

.00 

D 

.01 

.86 

.18 

5     11 

*       12 
i       13 
1       14 

.<n 

.01 

,02  n   .n 

.21 

.IS 

M 

.42 

,08 

.02 

.10 

,10      .06      1.01 

.28 

.10 

M 

.11 

.00 

M 

11 

a       n      '      .10 

.m 

47 

LM 

M 

a 

&     .10 

JO 

.80      .09 

.83 

,07 

JU 

1.80, 

.01 

M 

n 

n 

.16 

.36 

a 

a    .61 

M 

a       1* 

.21 

1 

M 

.10 

a 

.10 

•*       JI 

.wa 

.10 

ai 

^       1% 

M 

LM 

.OS 

.02^ 

a 

.08 

.02 

.10 

M 

•       1» 

a  .14 

.04 

.07 

.« 

1       - 

a 

a 

.00 

.15 

.38 

.10 

f    M 
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.13 

.03 

.M 

f 

a 
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.35 

r 
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.39 
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■^       34 

.00 
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.4« 
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^6 

.05 

f 

.17 

.ts 

:» 

.0«| 
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m 
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27 
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f  .oa 
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38 
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.28 
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.21       .63 

30 

i 

t 

,n 

.08 

M 

lb  1.00 

.06 

80 

^ 

.40 

b    .U       M 

.IS 

U 

.17 

b 

.7ir 

.01 

Bmn  1  hm    HM 

.75 

.Ml  104 

2ea^    4.«» 

Saoi    4.70^    ».07k    6  80 
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.02      .06           1 
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^^1 
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^^H 

m\ 

ft 

.IS 

.05 

JO         VI        M 

^^^^^^^M 

H        »      10 

ft     ' 

ft  or 

]     Mii       i 

^^^^^^^M 

■  1  u 

1     .14' 

.10 

%.0t* 

t    M                   M 

^^^^^^^M 

ft        1     ,00ft 

M 

r          .14 

^^^^^^^M 

1 

.03 

Mf 

.02       JU        M 

^^^^^^^M 

M      01     .00 

1 

M 

.10      1  $4.        98 

^^^^^^^M 

m 

111     .10  f 

r 

.40       .VO        Jin        .09 

^^^^^^^M 

■         o      1« 

'    .00 

If  M\ 

.io 

M 

.2U       .04       M  b 

^^^^^^^M 

■          ^      U 

f         !      i% 

f 

.4« 

,18              b    .00 

^^^^^^^H 

■ 

f  M    .m  r 

.00,       .91 

,30      2*a       ,00 

^^^^^^^H 

■          "      1» 

.oa    .1*     .07 

\ 

b       b 

^^^^^^^1 

^1          &     ^ 

M      .00 

.i«^            '       .«2' 

.OS 

^^^^^^^1 

00          1 

.301      .12       .00  b    M 

4i        08       .n 

^^^^^^^H 

.IT              ,« 

.001      .^       .^! 

. 

^^^^^^^1 

^^Bi    ^ 

\b    .Mb  IJ5! 

1                  .10 

^^^^^^H 

^^^P^     Ml    Jvb 

h     1     ,ao     m' 

1.00           n        n 

^^^^^^H 

^^H 

h  M      .!&'       .33        .94^ 

.If       .04       .07 

^^^^^^^M 

^^H 

.011      ^:       .I&        M 

n       B   .54      .10 

^^^^^^^M 

^^H     ^ 

*     .6^1        .M             1       M            '        37        .04       .11 

^^^^^^^M 

^^H 

00      .OS! 

03'     .241       Mi       .07  n                 oa        .SJ        .iM 

^^^^^^^M 

^^^H 

.00       01  n                    1 00      .01      .10;     .10 

«^^^^^^^^H 

^^^P 

1 

Mn    M           1                           .01            !      .11 

^^^^^^^1 

^^^ 

1 

&  .90 

1       .00!                         1       .08                     ,41 

■ 

H^               Bmm    1.311  L&l    O.S0    0  TO    S  sa 

131]     4.M      SW      4  80      TOI      0  2^      1I,T3| 

^^^H     Dftji;  luL  Fel»,  Mftr  JApl.  ^Mmf  Jann.  JaljJ  Anff  |  S«p.    0«L 

1           1 

H^                            1      '!       1      1 

^■^         1    ft  ,ct$    at    .is!               1                          '     ,m      .Dfti     .OS 

^^K 

1 

10ft      A  OS        ,07      IM 

^^^^^^H 

^^H                .m    .Q5 

.11 

i        f   JO               ,01      .01      .10      .oa 

^^^^^^H 

^^^F                       .09      .21 

I  . 

.10        .^,        90        .:»        .02             1     1.31 

^^^^^^H 

■      5     *           .1* 

1      r 

.30                  1.00        .73  h 

^^^^^^H 

■      1     «            ^f& 

.14 

1        43         oa        Mih 

^^^^^^H 

■           S                    .(HF  .04 

f 

00 

.10        .21        .73        ,eib    .00                    ,39 

^^^^^^^M 

■           »-        i     t              .30 

,     .00 

1     3  4'ib    M        .04                    M 

^^^^^^^M 

M         M  b    M             1       .14        .05        .02 

^^^^^^^M 

' 

.7T            1 

^^^^^^^M 

^^B(i            ^^ 

.11      .27 

b           b 

'       M       M 

^^^^^^^M 

^^Hi      19    !     .«     .04 

.00  b 

,      M                  .14 

.14           <           In 

^^^^^^^M 

^^^1    u  ; 

b         .01 

'       .00 

.00       .Wa 

^^^^^^^M 

^         1      14    1     .03 

b 

.00 

.0411    .2Si 

i. 

^^^^^^^1 

^1          i      Ih    lb  .07      M 

.oi 

.07        JS 

n  132 

.14' 

^^^^^^^M 

■        s     ifl       M 

.04            n     U 

.41         41        .05 

.0«l 

^^^^^^^M 

H      n    n  1   .ift    .01 

1      07 

.3«      1.00        .10 

415 

.02: 

^^^^^^^H 

■         H      1»        .u« 

.041 

.03  !i                .00 

.OS         30 

.031 

^^^^^^^H 

■          ^      10                    .121                .OS 

n     .m        .IT        41 

.20        .11        .50        .211 

^^^^^^^1 

.02        .20        .57 

.10       .to  ft    M\a    .001 

l^^^^^^^l 

.oa 

«    .02ft    .11        .O&l       .40 

^^^^^^^1 

■         S     S2    n           ,^ti       > 

1      .SJ 

lOT       M      l.»li 

^^^^^^^1 

H          Jf      X3         ,01      .ot 

.31  ft  1.70 

05        m       M 

^^^^^^^1 

H       ^     sti 

,       .40 

.00        .67        .08             1 

^^^^^^^1 

^■^          !l»    ,                               .tio 

ft       Ift  .io 

^        .04 

^^^^^^^1 

^^^L      «  ;        .16                           .10    M 

.16        .!«       ,07 

^^^^^^^M 

^^^m        ^    ,            m             Mn                     M 

.20        .02 

^^^^^^^M 

^^^m      99 

.4t        .Ofif           i 

^^^^^^^1 

^^^M       a0           ^  .7i}           .11        ,    La«              .34 

.46  f     .01 

1 

^^^^^^^1 

^^^H           40                           II                                   ,01        ,2»        .1*4 

r     .12 

^^^^^^^1 

^^^                                                             .ST 

.            ,f     Ml            I 

.«' 

J 

^B             Sum    L4fi   ^w   0^1   0.01.  a.7i 

^00      3,00     lO.Oft^  ll.TOi     B.m 

1 10      4.04 

^^^B             A.  F.  8.--T0U  XIY,  2 A 
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[June  If. 


BAINFAU^  AT  **  HUSBAKDnS,"  BABBAD0E8. 


Days. 

Jan.  F»b.'Mar'Ap].' May' Jane' July. 

'         1         1         1         1          1 

Alls.!  Sep. 

Oot 

Not. 

Dec  Ixotal 

I 

1 

1         1                 ' 
.16           1     .01      .48  b              .21 

.08 

.10 

•u; 

3 

.Ml  b  AH           |b  .07:                 .04 

2.64 

n 

n   .oo: 

S 

M            b            .Oi;     .SO     114 

.88 

4 

b  .18      .03      .09                ,la       .12 

.02  n 

n  • 

ft 

1.87 

.08 

.14       .04 

.20 

i  ?i 

.TO.     M 

118 

n    .171      .18 

.1? 

.23 

18«      .84 

.06 

.12 

.91       .18 

^    « 

.04 

.to      .290    .80n 

.06 

08        .80 

S        9    1     .07n 

.85  n  .03 

.10 

.42 

.48 

162  a 

a 

«      w    1          ,, 

n      ,    .06 

.14 

.48 

1 

a    .01 

^      U     n       >     .Mo 

1 

.01 

.86 

.n,a    .06 

.16 

.04 

.08 

.08;       .04 

1       la 

.*J8           1 

.18 

.10 

.48  a    .02      120;       .06        .04 

§       14 
^      17 

M           I     -Oft 

.76 

.06 

.86 

X04      1 20      2.21 

•^ 

.3?      .U      .OS    1.60 

a  1.86 

a    .08 

80,     3.00 

1.481 

.14           1 

.01 

.03 

.08 

.66      180 

.17  i 

.08  a  .10 

.20 

a 

.68 

.68             1       .66f      08:r     .60 

^      ^ 

1 

a 

.08 

.08'       .14  1     .47 

.70 

.W 

"      1» 

a 

a.M 

.11 

.18 

.10  f     .14        .80 

.04 

i     n 

□     3a 

.00 

.30 

.08      .09 

.18 

.10 

f                .18      4.00 

.31 

,01 

1     .C2 

.01             1       .21 

.08 

.08 

.86!     *1« 

r     04 

f 

j       .4l|       .08 

e       Sa 

.7« 

.01 

.66       .21 

.40 

2.241 

106 

^     a*   ,    -oa 

.fl« 

f 

r  ,83        .01 

1.20 

.10        .80 

.lib    .08 

25   '    .St  r  .o« 

M 

.03'       .18 

.08 

.03 

b    .82 

i 

9A    r  M 

f  .04 

.06 

.03:       .62 

b 

.82 

! 

97    1          ,     ^aO|     .PI 

.30        .08 

.14 

b 

1 

^(»               1     .20 

.su 

160,       .28 

b    .02 

.06 

.84 

n 

.06 

.03 

10 

.ST       .02 

b 

1.78'       .40 

•2S 

ao 

.14 

.37 

2.28  b 

.08             1                   .81 

28 

31 

43 

bl.oOi 

.30 

.88             1     4.00 

n    .48} 

flym 

3.98    lis'    1  90 

7  w1  *.n    » e9 

_fl07 

8^    tO.S»    18.03      0  01 

6.21 

Days. 

Jan. 

Feb. 

Mar 

Apl. 

May'jmDU. 

July 

Attff/Stp. 

CJCL 

KOT* 

IJM.jTwtal 

1 

.04 

.08 

.«' 

a   .80 

.07 

.00 

2 

.08, 

.04 

', 

X.O0 

.04 

.00 

1 

8 

1.68 

.02 

1      ,n2 

a 

3  86^ 

4 

.02 

^       .10 

a 

.4T       .01 

8  00       .06 

36 

6 

.88'     .00  a    .18 

M 

.00     ►or 

l.« 

*05 

.           1 

i  ? 

.16  a 

^ 

LSI 

f     .88 

f          t 

a       1     .14 

a 

a  .08        .07 

.IT 

16 

f 

.13 

2        9 

.10      .02  a 

,      2O0 

.07 

.OW 

f 

M 

.04 

1       .16 

,4^ 

r   .iti 

,tt 

M          10 

.02      .04      .08 

.33 

1     1.10 

M 

M 

2       IS 

.021 

.08      M' 

f     .01 

M 

.80 

.10,     .40 

f     .08 

1       ,10      106 

1 

1      13 

.16'           1 

r          ,07 

.04 

M 

3<»a 

1       14 
5      16 

c     l«  . 
5       17 

tt      18 

.14  f  .38      .07 

f        1     ,6T^ 

ja 

b8oa 

b 

.11 

.44 

18       ,Uib    ,07 

.80 

« 

f  .16;    .12  r 

.48 

.8«'b              1.86 

.01 

J 

.06 
.03 

1      W 

.76 

b  ja 

b    .16|     1.00        .04 

1 

.    •'^I 

5       19 

.08 

.08            b    .29 

8i            1 

M 

AM 

>*      20 

.06 

l>  M         08 

M 

M        .04 

^       21 

|b 

.03  b  .18                   .04 

u 

.80       .04       ,12  Pi. at 

n        ' 

g       22 

.06           ib        1                     1 

.11 

1     1.60        .70 

! 

*      23      b  .46           ;          '     .02      .23        .03 

.13  n         n        ' 

.82 

•^      24     ,     .74 

.12      .18       .61        .02 

•^W           '           1       ^ 

26        l.OU 

.42      .91        .46 

n  2.08        .84             1       .02 

i 

28 

.04        .08 

n 

.80        .01             ! 

1 

27     !     .06 

!          1           n     94 

.20 

'^             '        ., 

28         .26  n 

n        n       '       .7.') 

.18             1       .07 

a        1 

20     1 

.06, 

.08 

.30                  160  a 

.01 

80    ,n       I 

n       1     .04,          1 

a          a               .04 

1 

31     1 

1          ' 

888 

.07 

1 

Sum     6.40    172    0  34    184     MS      6  72 

8  40      8.01    18.84    lO.W 

•>II6' 
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^H          Dftji.  J»a.  reb.'M»r '  Apt.  HAr 

jQAOw^Jiay.  Aiiff.isop.|tlQi. 

If  or. 

XNq.  T6f ftl             H 

^^n 

1          '           1 
.ST      M     M\ 

f  'l 

1 
l.eT,                   .64 

J 

^H 

M     M      M^ 

^^M 

^B 

t    W          1     .»if 

.04'                   .14       .14  b 

b  1.30                ^^H 

^V 

.00              f          1 

.071       .34'            b         1     Lft4;      .01                 ^^^ 

^^           *   f 

.00  f  M     M\ 

1      .80  b    .ifi       M      M 

^^^^^H 

■           1      £        <»1 

M              m' 

.Oe        .8Tb    .10             i                   M 

^^^^^M 

■           ^      f    ^^ 

.US'                  1 

^    Mb   M.     vUTi     ,oa      .Ofi'     .SO 

^^^^^M 

■           ^-      « 

f     M      Oil 

b       1     .10 

1       .00        .90, 

^^^^^M 

1         i     ^ 

.11 

M          1         1 

M       .10 

M        .03             1       -39       «14                  ^^H 

m z    I* 

.00     lo'  ,i2ij.n 

.aoi     .00     .ooi        n  .00            ^^H 

■         2    ift      .0? 

h 

.09  b. 09,     ,11 

.13 

.03      .10           n 

.09          ^^m 

bM 

.00        .10 

.cut'            n               M 

^^^^^1 

M^ 

11 

.O&ii 

^^^^^1 

,11 

.111 

■u'      .30  n                 1      .07; 

^^^^^1 

.a»i 

,0^ 

,n  1.&& 

.04       .34                 t.80        .If                         ^m 

■                        Q          10               .20 

,08 

13 

D 

.04 

\      M       .91^       .3t'       M                  _^^M 

■          n    n 

M^. 

D  .10 

.10      1.M            t       40 »    .06                  ^^m 
iV           t       .4«ft         1       .13                  ^^H 

I          «    ^i!  ^ 

0    03| 

n  M    .oa 

■             '^      19    n 

B        1                *14 

.04  ft    .04,       M                             ^^H 

1            1     ^ 

1              i      22 

.M      .03      .1(3 

M 

.40;                    ^^H 

.Oi      .08      M 

.38 

.17        .03        .Ofi,       .04                   ^^H 

.0«      .00      .00 

.U 

ft    .02        .00       .09       .43       M                  ^^H 

^K   .i;   ^ 

.00      .00,          1     ,03 

.M 

ft    .11 

.30                  ^^H 

^B      n 

.*T 

m 

ft 

^    .04                  ^^H 

^H 

.00  ft  .aa        1    .(»  a 

,^ 

.01  r  .04  f                 ^^M 

^H           ae    »      r     o«         ft. 10 

.00 

.3ft 

M            t         1      .17 

.06                  ^^^ 

^H             ST         .09     .bOn 

.04        .30        Mt          \            i 

^^H 

^^H 

41       Hi 

,       Ml     .40,       .08        .m 

^^^^^H 

^H 

.M                 ,30 

1 

.11     .40            .13'                  ^^m 

^^H 

.06                ,03 

If     .03 

m\      .47                           ^H 

^V 

,03           1     .3& 

1       M 

^H 

■                   Sitm    aj0    413    110    %3a\  1  li>     LM     4.^'     &M     i.M!    S.«Si    T.84     &.Sl|                       "| 

^^H          I)aTt.'jftn. 

rob.'Mftr  Apl- May 

I, 
Juaft.  July. 

1 

Aug. 

B«p. 

got. 

Kot.li)«0.  Totfti              1 

■        ,  .«&! 

.09  m 

.0&        ,14        .03                            M 

^H                              .40 

.11. 

.01 

ft        t 

,96'       .43       .30;                   ^^M 

^H 

.€4 

.(ff 

.00     .i»»,     .s*: 

,13       .03 

^^^^^■' 

^H 

.30 

ti   .un 

.13 

.90 

^^^^^1 

2    • 

.30 

til       .00 

.ii|    1^ 

.39       .03 

^^^^^1 

,U 

XL 

& 

.11 

ft    .01ft    .07 

^^H 

5        T 

ti*06 

M 

M 

M 

.03                               ^^^ 

if       » 

M 

.0«n 

.09! 

'ft 

^^H 

5     '^ 

11  .W 

M 

ft    .10       .7^ 

M        m\                 ^^H 

2    10 

.m             .01 

.00  ft    .70 

,03 

.30        .30                   ^^Hl 

1    " 

1       12 

i    13 

.011                        .31 

;is' 

.01 

JO 

^^m 

^       ! 

ft    .00ft          1       .33 

1.54[       .09 

JEi'       .4« 

.as'    .<w 

ft 

.tril        .40 

■** 

f 

f    .37 

^^^^^M 

i     u   1    aoft              ft 

l.2> 

.09 

.31 

1.7&'     4  06 

.04 

^^^^^M 

a      Ifi     mm     .Oftm 

LSfi 

.10  f    .40  f 

.01 

^^^^^M 

5      IT         ,12 

47 

M 

.49 

.19 

.90 

^^^^^M 

1 

.50  f  1.30 

.10 

.01 

1.34 

.30 

^^^^^M 

i£    u      .la    M    .an 

.00 

.22 

M 

AS 

.06 

.03        M 

^^^^^M 

^       10          .00 

,13 

f     ,04f     .48 

M 

M 

.02       .«>fll                           ^^H' 

^       ^      20          J!l      JT 

.04 

.04!       ,63 

.03 

.34 

.391       .01'       .90!                  ^^H 

.14 

f  .01 

.031       .Orr 

.oo'b  .43  b  .aal             ^^H 

r  .32i 

r 

,     1.23        .03  b    .32  b  1.4fi 

.31 >       .03 

^^^^^M 

^^ 

.03        .Od        .04 

1.4« 

,16 

.30,      .03 

^^^^^M 

■         *^    a* 

M 

1     1.31b    .13 

1,33 

M 

SL4i: 

^^^^^M 

K                      3ft 

.091 

b    .7fi 

M 

.00 

^^^^^M 

^B.             ^ 

.03 

.OS 

b                 .00 

3.30 

.10 

^^^^^M 

^H 

]3 

M 

LU 

.34 

.63 

n 

^^^^^1 

^H 

.00 

b,oe 

M       M 

.33 

.30 

n 

^^^^^M 

^H 

*0i 

.091 

b 

M 

.10 

.00 

.03 

^^^^^1 

^H 

; 

lb 

.00 

.01 

.04 

ft 

n 

^^^ 

^^          t» 

1 

1 

.31 

^^1 

V                   Sura    a.07l   l,fl2i  0w30|  0^    %m\    LM 

T.lll     SOal   W.47i  13.66 

13.13     a.67                         ■ 

L 

h 

1 

Rawsoo.] 
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[June  19, 


SAINFAIiL  AT  **HUSBAND'S/'  BARBADOES. 


Days. 

Jaii.lFeb.lMar 
1         1 

Apl.j  May' Jane' July. 

Aug 

Sept.'  Oct. 

Not. 

Dws 

Total 

1 

.03 

.25! 

.08 

a   .19  a             .63 

1 

1.10 

.10 

2 

a 

a 

1       .30        .17 

.03        .02 

.03  f    .10! 

3 

.06'     .07  a 

M 

.88        .18 

.81      8.86  r 

14 

4 

a  .10 

.04  A 

M 

.66 

.18 

,11  f     .15 

.00 

, 

5 

1.10 

.01 

.16 

.T& 

f     .14        .OS 

.03 

i 

8 

M 

.05 

M 

1       ^M 

3.a» 

7 

.05      ,01 

.07 

M 

M 

r  M 

.oa'    1.40 

^ 

8 

.14 

.60 

.15      .10  f    .oe 

.99 

M 

9 

.29 

Liar 

.ua     M 

1       .6« 

10 

f 

.15 

1    .151 

M 

M 

h 

b 

11 

f 

.07 

r 

.29        .02 

.2^ 

.46  b    .13 

.fc- 

12 

f 

.ae 

.39        .T, 

t>         1       .60 

13 

.OS 

a.*fi    Lao      .01  b  .41 

.18'       .84 

.»' 

14 

.03;    .01' 

.08        .m        .14        M 

M 

Q 

15 

.60      .02 

.10 

I        .15  b     .70,        .04 

.M 

Q 

18 

1     M 

.70  b  1.58        .17      l.Bl 

.11 

^ 

17 

.04      M 

.M 

i.a&      .42     .0*     m 

.13 

€ 

18 

.10  b 

-01 

b.oi 

b  -oa      .4S      .04]     .08 

11 

a 

^ 

19 

.03 

.30 

.16      ,m     .04 

D  .8811  ,ao 

.10 

,43' 

& 

20 

b.03 

b 

.54      .01 1      oa 

.90 

.04 

.39 

s 

21 

.00 

.06              ti    .W 

,83 

.SB 

■L9A: 

g 

22 

.05|     .70 

.02        .01  n    .00        .36 

.41 

M 

s 

23 

,01 

.13      .12  n    .03        ,12        .W 

M 

^ 

24 

.38     ,.OiD                     .       .17^       .30 

' 

jm 

25 

n 

.aan.ii         1                ,38       M 

.90 

M 

B     M 

20 

.     .04 

M        ,j9I       .50,       .46 

.8T 

,08 

a 

27 

n 

.07  D       \     .11 

'       .013       M        .Bt 

:a    .03 

28 

.02'     ,*»;»                            -07 

a   .02      .21 

20 

1     M       Al            a 

.38        .flO 

M 

30 

.77 

M,               .10        .53  a               1.03 

M      8.26 

1.41 

31 

.02 

1 

M                   M\       .37 

zm 

0  28; 

Sam 

2.94 

1.44    1.37'   2.01 

1.77      9M^ 

July. 

t,so' 

3,33    Ift.W 

6.6i 

iJCl 

Days. 

Jan.'Feb.'Mar'Apl.'May 

1                 '         i 

June. 

Aug. 

Sept. 

Oct 

Not. 

Dec.   Tout 

1 

1                          1                   ■          - 
f  .21!         ;f       1          '                    1      .03       .03 

.79 

.00 

•^1 

2 

.10'     .03           1                            .11        .70 

b                 .29 

.14 

.91 

3 

.20                     !          i                 .11'       .07  b    .88 

.46 

.14 

.89' 

4 

.04           1                      i       .50        .04 

.18        .16 

.80 

.961 

5 

1     .04           ;     .11                  .08  b    .01        .11 

.01.       .77 

.10 

1 

0 

.03      .14                      1     .03  b                .29        .04 

1       .01 

.09 

7 

b        !                      b  .07i                               .01 

2.80        .20 

n 

n    .94 

^ 

8 

b  .09,   1.00            b 

.21        .08 

.05  0    .81 

.00 

.04 

^ 

9 

!     .20  b 

!       .411       .03 

n    .03  . 

S3 

10 

.03'     .11 

.05        .05  n    .70 

.07; 

.20 

.40 

2 

11 

.07      .10, 

.01        .02        .12      1.45 

.00 

.01 

.70 

12 

.30'     .43 

<n          n  2.40        .43 

.10 

.04 

s 

13 

'     .341          1 

.10        .01 

1.84 

.76 

s 

14 

.09,     .01      .21 

n        1                   .80 

.04 

.16 

X 

15 

.son  .02;    .30 n  .11'    .30!                   ; 

.01 

a   .02 

a    .12 

2 

10 

n  .03      .lOn            .37    1.031       .01        .88        .17 

.03  a 

.00 

.08 

17 

.541                     1          1          1            '       .03        .07 

a   .02 

.00 

.19 

tf 

18 

'1    .18'          1          :a   .05 

.15        .18 

.03 

r^ 

19 

.04           1     .07      .02           la    .08  a    .41        .01 

.00        .82 

.01 

5: 

20 

.03      .01       .OOi     .13            j                    .55        .48 

.00 

g 

21 

.04      .02      .07  a  .01  a        1                   .01      1.25 

.31 

.10 

1 

d 

22 

.38  a  .02                          .05'                   .10        .73 

.01 

.11 

f     .40 

s 

23 

a            .07  a  .03      .18                      i                  .89 

.00 

.71 

•-> 

24 
25 
•20 
27 

.02                      ,          1     .05        .25'       .01        .80 
.04           '                 .25        .14      2.10 
.09            ,     .00                              .23        .oof 

.01  f           f     .01        .49 

f 
.04 

.17 
.06 

.01 

28 

.21,            ! 

.07 

b 

29 

.01  f         f        !       .08 

.16 

b    .08 

.60 

30 

f                        .19      .06           1     1.55'       .18|       .55 

.08 

b 

.81 

.11 

31 
Sam 

,f 

:       1    -^^1 

b 

.40 

2.44 

2.5j^ 

1.51 

0.98    2.49:     2.77 1     7.16|     9.80 

4.88 

6.80 

6.11 

0.44 
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m 

mn^ 

Jul.  F^Jm*! 

AtK; 

U7 

J«ll». 

July. 

Aug. 

S«p 

0«t. 

Nov. 

me.  JTotftl      1 

.01 

.03 

48 

n    .12 

.21 

.01 

.« 

M 

.U 

.IT,     .13 

48 

u    M 

.03 

.U 

.00 

.10 

M 

.03      .06^     .07 

.05 

.10 

.IB| 

LflT 

Mn 

H  .10  Ik  M 

.21 

.08 

.04 

ft    .88 

ft    .08 

^^^^^^v 

M       10      .31 

.08 

.04 

.03 

.ST 
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M 

.Of 

^p« 

ft 

Q  .OS      .^      .01 
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.14 
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m 
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.n 

LM 
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Li 

M 
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ft 
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ft 

.U 
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m 
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.41 

.02 

.04 

48 

M 

.08 

■  1 
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.€a 

.ifi 

1.W) 

f      .01 

:•     '       1 

.W      L3l 

.IT       .Oftf     .06 

U 

mm     .07  A 

.^ 

2.01 

Mt 

M 

u 

.l»  i/ii     .ai 
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.03 

1       .18 

t  1.01,       -33 

.87 

u       .01'    .n 

.OS 

.mt    M       M 

S.ftft 

M^ 

H 

14                   J»,     M 

M 

.06  f     ,12 

M 

.21 

17                   .Oil 

M 

.10 

f     .10 

.07 

M 

.08 

.03 

H 

l«               r  M.     ,0T 

r  .03 

.01 

.41 

.01 

LStftb 

b    .08 

1«             (     .01^         Jl  M 

,oe 

*0T 

a.io 

.30 

* 

.10 

^1 

Wl 

r            f 

.or 

.10 

,11 

JH 

b   M 

31 

-«;     ,1 

.18 

b    .«4 

M 

.08 

^^H 

22 

M               .14 

l.M        .14 

b    .06 

.13 

M 

.84 

^^H 

'£& 

.3^' 

.i« 

.oil      .11 

1.40 

.08 

^^^H 

n 

.*»i      aft 

.Ub    .07 

1.08 

m 

M 

b  l.io;      .08'      M\      M 

n    .08 

w 

M 

b  Ml       .07 

.87 

1.31'       ,lfi 

u 

.01 

m 

h  m\            01  h  .02     .011 

.32        .30  11     .25 

.80 

.08 

*M 

,01  b  h07  b 

1.3D 

a    .01 

.14 

Am 

w 

,(J1 

.01!       .48 

n    .Oft 

.08 

90 

3& 

.Ifi      1.17 

.01 

1,22 

M                  1 

^B 

ill 

.*3                .<»            1     .00              jn    JM 

1.24, 

.III 

Snml  3.13    JM    <tM    2.10    1.S0    10.03 1     IM    11.9)      »J3 

10.48 

8.&fi 

s.es 

iMfft. 

J»iL  Feb. 

1 

««Apl, 

M»y 

Jon*. 

lulf. 

Anji, 

Sap. 

Dot. 

Not. 

B«G.  ToCftl 

1 

la  .IT 

& 

•31 

.01 

.04 

r  3.00  r 

S 

•  M,     .01 

.01 

.u:    .11 

a 

.(W      .01 

r    .04 

1.10 

.04 

.11 

4 

.08 

M 

M 

r 

.03 

.04 

b 

.11 

.01 

r 

.08 

.3T 

1  i 

a 

.IS 

.01  if 

M 

.22 

.10 

b 

T 

.01 

f        1     .03 

M 

.08 

,10 

b     .20 

.03 

^^H 

S 

t   .11 

f 

.or!    .08 

.10 

.06        .18 

1.17 

l.8> 

.02 

^H 

B 

t         ,w 

.01 

M\     M 

.04 

.01b 

b 

.13 

^H 

10 

An 

.M 

4.n        ,13 

1.T& 

■   1 

11 

.14 

Ml 

.06  b    .08 

.01 

13 

.Ot 

b     .01 

.01 

1   1 

13 

M\     ,09 

.SI 

.01 

i.2i:b 

.04 

M 

.01 

n    M 

M 

.18      M 

ll 

b 

M 

1.34 

Ab 

.04 

n    .03 

■03                    II 

n 

Mh 

n 

.01 

.IT 

08n    M 

H 

11 

.12. 

.08 

.03 

n 

.00 

.13 

IT 

b 

,08 

.07 

.01 

.04 

■    i 

IB 

.or 

.03 

.01 

M 

Ik    .Oft 

.OT 

.08 

\9 

.tn 

.18 

U    40 

.31 

1    1 

TH 

M 

a   .m.]     .30 

.08 

.u 

.oa 

,lSi 

21 

■IT 

M 

M 

.01 

ft    .30 

m 

Ofij     .If 

.ftl  D  .l»:m 

.03 

.08 

ft 

n 

'n 

,04 

.04 

.14 

.20 

.o« 

ft  .31  ft  ,ia 

^^^1 

91 

&  M     M 

n  .30,    M 

.OS 

.IT 

ft 

j       .18 

.03 

aft 

\ 

.17 

.OQ 

.31 

.27 

.04 

99 

.01  ft     .01         .02 

.22 

.73 

n 

M 

M 

M 

.ft    .09        M\      .31 

.72 

.13 

m 

.13 

A               ,11 

.3D, 

.02 

M 

.01 

m 

.18 

.12ft 

.(K 

.04      1.00 

,ai 

f 

f 

m 

J2 

.OTi 

.M 

.17        .01 

.8T 

.01 

Sum 

-Til          'ft       1 

1 

.01 

f 

^SO 

A.iMi  O.H    O.S0!   O.TT 

IMI     2.02^     T^l     3.04 

1     8.40 

fi.ei 

1     2,74 

1     3.80 
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XSl      S.TO      3,60      4,«2    10,2S    V2.W     ^M'     0.00 


Da|ii- Jul  FebJltKr  Apl 


Mftf 


Jimv. 


Jttly. 


Aug,  B«fi. 


Oot, 


Hw, 


]>Q«. 


Td«a1 


I 


1 

'2 
3 
4 
« 

a 
7 
a 

lu 
n 
iti 

IS 
14 

14 

n 

18 

1& 

21 

2i 

26 
2T 

^ 

30 
31 


.01 


a  .10 
.^1 


.02 


m  .Ml 
.oil 


.STj 

.0»f 

f  .o»:      I 

.01  r  .oi^ 

_      .W3;  ,01' 

It      ,Qi>i  j 
.ISI 

.OA  < 


,24 


.03 

.11 

M 
.11 

.13 
.Oil 

.01 1 


M 


10    1.30 

{ ."I 
•"l     I 

■Ol'     .10 
.0«       ,111 

,b  .01 

.13' 
.01      ,0T 


U  .23' 


.W 


ft    .09ft 

,0T) 
.14' 
.10 


r  .u 

1.3» 
.01 

.ai 

b 

.13 
.10 

9.U0 
.02 
.Od 
.01 
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.10! 


,01 
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.Ol! 

.oil 

.OT' 

1.51' 
.09  f 

.-23 
.OS' 


.01 
J4 

.35 

,oa| 
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.83, 


.46 
.92' 
.13, 


.13 

.  L&o; 


3.>0 
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.71 
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.4» 


b  .16; 


^    '10, 


.6»1> 

I 
.13. 


.St 
.12 


.10  b  ^' 
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.90 

.44  I 


.M 


.19 
.01, 
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b     ,01 


.01 
,10 


Hn*n\   4.7R'    l.lfti   0.33    0.62    4.60    ISfiOl 


1 

1 

M 

,39 

.13        .23 

1 

.TO 

.is'       .ISA     .!«[ 
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3.00  n    :I7        ,2a' 

.3§ 

,m' 

□  i.BO      .m 
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3.32  0 
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1 

1 
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i.oi 
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1 

,03 

.03        ,10 
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.04 
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.30 

1 

.01 

.0§        M       ,W 
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a  1.34                      74 
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0.04 

fll9l 

12.03 

6.76      8.M 
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M 
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Li 
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^^^^^^H 

13 
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b 
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IS 
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b 
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14 

b  .jbu 
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]& 
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le 
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.00 
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^1 
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^P 

It 
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Days. 

JuiJFeb.'Mar. 
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Aug. 

Sep. 
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Dm. 
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a 
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.06 

S 
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REPLY  TO  DR.  T.  8TBRRY  HUNT. 

By  F.  A.  Gknth. 

(Re€ui  before  the  American  Philosophical  Society ^  July  17,  1874.) 

Dr.  T.  Sterry  Hunt  has  published  in  the  ProceediDgs  of  the  Boston 
Society  of  Natural  History,  Vol.  XVI.,  March  4th,  1874,  an  article,  enti- 
tled :  **  0/1  Dr.  Qenth'' 9  EesearcJiei  on  Corundum  and  its  oisociated  min- 
eraUj^^  in  which  he  chaises  me— in  common  with  many  others — of  haying 
fallen  into  errors  and  of  having  been  led  to  conclusions  ufiolly  untenable^ 
for  a  lack  of  a  clear  understanding  as  to  replacement^  alteration  and  asso-^ 
ciation  in  the  mineral  kingdom. 

He  then  gives  an  outline  of  the  manner  in  which  the  various  alterations 
in  a  mineral  species  may  take  place,  by  replacement,  envelopment  and 
epigenesis  with  examples  for  each,  and  dwells  at  more  length  upon  the 
fallacy  of  considering  the  alterations  of  many  minerals  and  rock  masses 
as  the  result  of  an  epigenic  process  ;  a  doctrine  vbhich  hoe  been  embodied  in 
the  dictum  of  Prof.  Dana  :  *'  regional  metamorphism  is  pseudomorphiim 
on  a  broad  scale,** 

He  then  refers  briefly  to  the  results  of  my  investigation  on  oonmdnm, 
in  which  I  have  shown  that  by  ^* epigenic"  pseudomorphism  tiiis  min* 
eral  has  been  altered  into  numerous  more  complex  species  and  rook 
masses -and  winds  up  by  stating  that  he  not  only  has  earefUUy  studied 
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mp  }Mip«T,  but  had  alia  Mamin4d  iho  ^Umtte  eolkeihn  ^f  wpidm^m  ^pon 
luhieh  m^  t&iieiutionn  were  ha«e4t  and  tbat^an  th$  pkemmen-ti  tn  qu^fntwn 
fmrt  nif thing  ftwrfi  ihitn  ifxampUt  of  mmtfiaii&n  and  envihpmsnt,  ftnd  thai 
th§  eofundum'btaring  efifn  had  If^ir  paralteh  in  the  tjranitie  feiuM  ttith 
hmyi  and  iourmatinc  in  iht^  Whit^  Mountain  rocki^  and  th4  takationf 
mintt^nei  uUh  apatite,  pyroi^ejiej  phUgt^piu  and  graphUe  of  ih§  Lautnniian 

I  may  be  permitted  to  oa^  a  few  words  to  reply  to  Dn  HQtit' b  nmeT- 
lion,  tliat  I  had  faUen  into  errors  and  bad  been  led  to  wboUy  untenable 
ooncluaions, 

Wben  I  had  the  good  fortune  to  obtain  a  few  years  ago  the  firtt  nal 
p^udamorph.  after  corundum — ^the  spinel  from  India,  and  afterwards 
brought  together  numeroua  apecimcns  of  analogous  alterations,  showing 
fnim  the  »ame  locality  crystal!  of  corundum  without  any,  and  others  re* 
pre seu ting  all  stages  of  alteration  from  a  thin  coating  to  the  complete 
diiappearanoe  of  erery  vestige  of  corundum,  and  when  I  prored  that 
such  changes  hare  resulted  in  the  oon version  of  coninrlum  into  about 
two  do^n  mineral  species;  I  oould  not  understand  how  any  unpreju- 
diced mind  could  arrive  at  any  other  conclusions^  but  that  these  extraor- 
dinary occurrences  which  1  have  described,  were  the  result  of  epigenic 
paeudomo  rphi  sm. 

This  opinion  has  been  adopted  almost  without  exception  by  all  who 
have  had  an  opportunity  to  examine  my  specimens,  or  who  have  studied 
my  paper.  If  Dr,  Hunt  differs  from  me*  I  certainly  will  not  deny  to  him 
the  right  to  believe  what  suits  hi»i  own  notions^  but  when  he  l>old1y 
chargeii  me  with  having  committed  errors,  I  want  better  proofs  than  a 
repetition  of  his  views,  with  which  we  were  familiar  long  ago.  He  cer- 
latuty  has  not  a  single  fact  which  oould  show  the  fallacy  of  my  conclu^ 
^ions,  or  he  would  have  produced  it. 

The  eoruudum  alterations  have  nothing  in  common  with  the  Fontaine- 
bleau  erystalj;,  or  with  stanniferous  orthoclase  \  the  green  and  red  tour- 
malines from  Paris,  Me,,  or  the  beryls  filled  witli  orthoclase^  or  the  zircon 
and  galentte  filled  with  calcite,  and  cannot  be  explained  raitonaily  as  ex- 
amples of  a%mciatwn  and  enmUpmBni. 

To  give  strength  to  his  statements,  however,  Pr*  Hunt  says  that  he 
ha*l  ''^ tMamimd^^  with  me  ^Hh^  txtenMive  coUectioji  cf  »pt'tiiment  upojk 
which  my  eontlusii^nt  were  ba-Bed.^*  When  Dr.  Hunt  favored  me  with 
a  visit,  1  was  in  hope  that  he  would  e:tamine  my  specimens,  but  Ms  tinte 
was  HO  short  that  he  saw  only  about  one*tbird  of  them,  and  the  ^^exum- 
fhaii&n*^  {!  f)  of  these  was  finished  in  aJbont  Jim  minutes. 

As  to  his  last  seutenee,  I  must  confess  that  I  am  unable  to  discover  the 
leaat  paraUelism  between  the  corundum -bearing  veins  and  the  graiijtle 
vciua,  with  beryl  and  tourmaline,  so  common  in  the  White  Alountaius^ 
and  the  calcareous  veinstones  with  apatite,  pyroxene,  phlogopite  and 
graphite  of  the  Laurentian  rocks ;— but  can  see  in  the  former  nothing  but 
A.  r,  8. —VOL-  iiT*  3jj 
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the  product  of  a  partial,  and  ia  many  infitaticfifl  of  ^  pretty  thorotigh  «1- 
toraticm  of  the  original  corundtim  Into  mioaoeoiis  and  chloritfc  scliifitf  or 
beds,  or»  as  Prof  Dana  would  expreait  it ;  ••  a  pieudrnnotphiMm  en  a  broad 

VwLVwoAtTY  or  PBiTJiiTLVAirrj^  Jily  Alb,  ISTt. 


CONTRIBUTIONS  FROM  THE  L4BORA.T0RT  OF  THE  UNTVER* 
9ITY  OF  PENNSYLVANIA- 

I  NO,  IT. 


0«  AM   IMPROVBMEHT  OF  TB«  BUREtTE  VALVB, 

Br  Geo*  A.  KoENxa,  Ph.D. 
(Rmd  hef&rt  tha  Aimrican  PhihM^hi^al  H&ektgj  AuguMi  21,  1874). 

Strictest  iioiplicity  of  construGtion  must  be  considered  as  the  tit^t  re- 
quirement of  any  tool  or  apparatuti,  besides  fitness  for  all  work  within 
It«  aphei*©  of  lu^tion.  Frequently  we  meet  with  conntructionn  in  wbioh 
0tneBii  bai»  b^en  i^acrifioed  to  a  coniiderable  ertent  for  the  sale  of  sim* 
plioity,  and  quite  as  often  the  r^TorMe.  Tliere  are  caaea,  Indeed^  in  wliich 
oircaniitati€42s  demand  even  a  certain  degree  of  oiie^dediie«i|  but  in  tny 
judgment  a  more  complicated  apparatus,  overoomiug  defects  of  working 
attached  to  a  simpler  device,  is  praetieaUy  the  more  deainibte  of  the  two. 

"When  Fi'ederiek  Mobr  gave  his  rubber  tube  valve  to  volumeinc  anatj- 
sis,  ha  bad  indet^i  hit,  like  a  true  genius*  upon  the  simpleit  oontrivunoe 
imaginable*  To  this  pi€<ie  of  apparatus  must  be  asoribed  the  rapid  ad  op* 
tlon  of  volumetrical  determinations  by  analytical  cbemistrj.  No  matter 
bow  iiiiuple  the  volumetri&a)  i-eactions  miglit  be,  if  they  bad  to  be  exe- 
cuted b>  an  unhandy  manipulation,  the  praotioal  chemist  would  mtber 
keep  on  with  his  accustomed  precipitaiions  and  weighings^ 

I^t  us  consider  now  the  eoDditious  under  which  the  burette  will  satisfy 
all  demands  which  eau  be  made  upon  It. 

U  77r«f  imtrumtni  rnu^t  not  engage  the  handi  &f  the  aperaUr  during  ih€ 
ojwriition. 

This  condition  requires  the  burette  to  be  fixed  and  Ita  position  to  be 
quite  independent  from  the  per»on  of  the  manipulator, 

t,  The  in*lrumefkt  mu§t  aUt^at  a  rapid  di^fharge  of  itt  liquid  eanUMi  U 
ttnif  d^itired  mlufm^  wiikeut  ths  application  of  another  foret  than  ihat^f 
graviUitioA, 

This  condition  reciuirea  the  tube  to  be  fljced  vertically  und  to  be  fUr- 
mshed  with  a  valve* 

%  Th4i  talm  muH  oUofB  i<9  interrupt  ths  e'urrsni  (nttantaneoud^  and 
compUtHgt  and  aho  fAi  r^gutaiion  of  th«  liquid  eurr^nt  /^am  thg  imaUfst 
drop  to  a  full  ttftuim. 

4  Th^  working  ^f  th§  tfflvtf  muit  b$  ioiy*  tUft  r^uir$  aaf  tfart  /  ri  th€ 
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'  frmm  the  ^tb^rv^iion  af  the  tmHUn. 

5.  Thi  appanitu$  tnutt  not  eenis  out  oford«r  emily  und$r  ordinary  <jlr- 
ifim^Uinffi  and  atUntit^  manipulati&n. 

0.  Th4  imtrmmnt  must  he  applieabU  to  alt  i&tutmn$  uud  in  ^umUrk 
d€tirmin4iti&n». 

The  preaetit  forma  of  tUe  bitrette  are  of  two  types  :  a,  the  dropjnnff  bu- 
r^tUy  wliicb  in  its  aimplest  form  is  a  gniduatadp  lipped  gla&fi  veflsel,  from 
which  tlie  solution  m  poured  out  by  the  lip. 

Gay-Luseae  improired  this  primiUve  instrument  by  the  appendage  of  a 
capilar  tabe,  which  although  preventing  a  sudden  stream,  when  but  a 
diop  j^  wanted,  still  does  not  come  up  with  the  above  given  conditioiiB 
exempt  the  laet,  nn6  la  altogether  an  unhandy  piece  of  apparatus. 

ht  The  eahs  burHt^,  The  very  imperfect  instruinent  just  mentiotted 
ttimalatod  inventian^  and  we  find  as  the  next  atep  the  graduated  tube 
fixed  to  a  stand  veittcally,  and  fumiBhed  with  a  glass  ground  perforated 
itop^cock.  Tliis  iustmment  is  very  nearly  perfect,  if  well  executed*  but 
from  Uie  nature  of  things  it  cannot  Jill  the  i:^>nditiona  4  and  ^.  The  rough 
inrface  produced  by  grinding  is  exceedingly  disposed  to  capilar  action 
ftod  icxin  the  effects  from  this  show  themselves  by  a  layer  of  crystals  oe- 
meatiog  the  cock  completely.  These  working  defects  are,  however,  so 
well  known,  that  I  need  hardly  dwell  any  longer  upon  them.  The  same 
applies  to  Geisfiler'a  glasft-rod  stopper. 

Then,  Mohr  ihowed  how  limply  these  difficulties  could  be  overcome  by 
Gonnecting  the  neck  of  the  tube  and  the  mouth  with  a  piece  of  India  rub- 
ber tube  pressed  together  by  a  spring  olamp,  or  pinch  cork.  Comparing 
thia  device  with  the  8  eonditiona,  we  find,  after  a  long  practice,  that  it  is 
far  from  being  satisfaetory.  If  t!ie  apring  ia  strong  it  requires  a  remark- 
able muaoular  exertion  to  open  it,  besides  deatroying  the  elasticity  of  the 
rubljer  ;  if  weak^  It  will  not  close  the  valve  completely.  I  find,  moreoveri 
that  the  nihber  tube  beoomes  soon  deteriorated  ehemioallyt  eapecially  by 
alkaline  solutionSf  and  that  many  volumetric  aolutions  cannot  be  brought 
'  into  contact  with  such  a  hirge  surface  of  rubber  without  undergoing  a 
change  in  their  docimaittical  value.  The  aub»titution  of  HoffmaTui's 
acrew  clamp  for  the  spring  clamp  ia  not  tm  very  happy  ;  it  requires  both 
handM  for  the  adjnatment  juat  in  the  moment  when  one  hand  ia  moat 
needed  for  stirring  the  Mqnid,  beddes  it  acts  too  slowly,  several  turns  of 
the  screw  being  needed  to  overcome  the  elasticity  of  the  comparatively 
thick  rubber  tubing. 

J.  Blodget  Brittou  described  an  apparatus  (Journal  of  the  Franklin  In- 
ititute^  1870, )  which  is  undoubtedly  a  conaidcrahle  step  forwards  He  re- 
cognized that  the  valve  had  to  be  plaoed  externally,  and  that  it  had  to 
^  ]iOfia«aa  a  screw  movement.  He  draws  his  burette  at  the  lower  end  into 
'  m  capilar  tube,  bends  it  slightly,  so  as  to  bring  the  orifice  In  contact  with 
a  cork  plate,  which  itself  is  fastened  to  a  steel  spring,  opened  by  a  screw 
To  prevent  aplashingf  the  opening  muat  be  very  narrow^  and  con- 
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Bequenily  the  emptying  of  the  burette  requiree  a  considerable  extent  of 
time.  But  otherwise  the  apparatus  is  quite  perfect  and  neat  in  its  exe- 
cution. 

I  sliall  proceed  now  with  the  description  of  a  deyice,  which  has  realized 
my  expectations  as  to  the  possibility  of  combining  the  advantages  of 
Mohr's  principle  with  universal  applicability  and  convenience  of  hand- 
ling. 

1,  The  burette.    I  take  a  Mohr  burette  tube,  as  it  is  furnished  by  the 
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tmde,  hold  the  inflnted  part  of  the  neck  {ser?ing  far  ft  hold  to  the  rati- 
her)  aver  a  Btinsen  llame  and  kt  it  oon tract  slowly  at  a  duU-red  heat,  an- 
to  the  channel  h&s  hecome  capilar  »s  shown  Iti  iignres  la,  1c  and  ^a  of 
the  aceompaoying  plate.  It  oeeds  hardly  to  be  retnarked,  that  during 
the  process,  the  tube  has  to  he  keptrevolviiig,  and  allowed  to  cool  slowly. 
The  glaaB  wall  has  become  very  thick  and  strong,  facilitating  the  next 
prr^ceas  of  grinding.  This  is  done  upon  an  ordinary  rotary  grindstone 
in  from  8  to  10  minutes.  I  grind  off  one-half  of  the  inrlation  at  »  steep  an 
gle,  m  shown  in  the  figures.  The  orifice  is  not  required  to  have  a  delinite 
«ise  and  is  naturally  given  by  the  polntA  ^,  /3.  The  grinding  is  contin- 
ued uiitU  the  elliptic  section  of  the  diannel  has  eome  with  its  lowest 
fK>int  from  about  1-10  to  1-8  of  an  inch  above  the  lowest  point  of  the  in- 
clined ground  plane. 

A  very  short  practice  affords  snflfieient  skill  to  grind  a  very  nearly  plane 
iurfooe.  Absolute  planeity  is  not  required.  The  sides  and  hack  axe 
ground  next  to  produce  a  point,  which  is  necessary  for  the  letting  out  of 
aroall  drops  of  liquid.  The  ground  face  stands  at  right  angle*  to  the 
graduation  and  may  he  put  either  on  the  right  or  on  the  left  side^  accord- 
ing to  the  eonvcniance  of  the  operator.  Fig.  Ic  represents  a  front  view 
of  the  ground  face,  with  the  ca pilar  orifice  at  0,  The  si^te  of  the  latter 
depends  on  tlie  kind  of  work  which  is  to  he  done  with  the  burette^  as  it 
iuiluences  the  size  of  a  drop»  On  my  2f.tcc  burette,  divided  into  twen- 
tieths, I  have  a  very  narrow  orifice,  a  drop  corresponding  to  one-half  a 
dirision.  I  use  this  burette  exclusively  for  argentura  nitrate  solution* 
For  ordinary  alkalimetric  work  I  use  a  burette  (50cej  graduated  into  one- 
^ftl'S  and  allow  the  drops  to  equal  one-tenth  cubic  in.  This  opcuing 
empties  the  burette  in  one  minute  and  a  quarter,  when  running  at  full 
stream. 

2^  Th^  taltff.  Platinum  iu  form  of  a  smooth  plate  is  not  acted  upon 
materially  by  any  of  the  solutions  now  in  use  for  vol u metrical  analysis. 
The  valve  eonsists  of  a  platinum  plate  p  of  elliptical  shape,  |  and  3-16 
of  an  inch  being  the  respective  parameters*  Thickness  about  1-32  of  an 
inch.  To  the  ^ntre  of  this  plate  is  soldered  the  platinum  stem  i,  the 
end  of  which  is  pierced  by  an  eye*  The  spring  t,  made  of  brass  or  Ger- 
man silver  and  platinated^  \s  screwed  to  the  clamp  c,  and  has  a  fork  at 
its  other  end  for  the  insertion  of  the  platinum  stem  i^  forming  thu:^  the 
hix&ge  h<  It  carries  a  nut  n,  through  which  the  tN^rew  a  passes.  In  order  to 
open  the  Tsdve,  the  screw  bead  is  turned^  when  the  screw  bolt  comes  into 
contact  with  the  glass  tube  and  forces  the  spring  backwards.  The  valve 
plate  a^umee  then  a  position  as  represented  in  figure  Id,  allowing  the 
ftiU  stream  to  run  straight  downwards  without  the  least  spUshing,  The 
capilar  orilice  being  elliptical,  with  its  long  aiia  parallel  to  the  stream,  it 
is  evident  that  by  reversing  the  screw,  the  orifice  will  close  gradual ly^  the 
lowest  point  the  last,  allowing  a  most  complete  regulation,  and  when  once 
reduced  to  dropping  a  quarter  of  a  turn  of  the  screw  will  close  totally. 
The  only  objection  to  this  arrangement  of  the  valve,  'which  has  presented 
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itself  thus  tkr,  is  the  delicacy  of  the  hinge.  Yet  I  haire  had  one  in  use  con- 
stantly for  six  months  past,  and  it  works  as  satisfactorily  as  on  the  first 
day.  In  the  hands  of  beginners  it  may  come  out  oi  order  sooner.  The 
clamp  e  is  made  of  brass  tubing,  with  the  Atatgesff  and  the  block  g  sol- 


dered on.  It  is  made  sufficiently  large  to  admit  of  variation  in  the  diam- 
eter of  the  burette  tubes,  a  strip  of  paper  being  used  as  a  filling.  The 
delicacy  of  the  hinge,  and  to  some  extent  the  cost  of  the  apparatus 
($2.50)  have  prompted  me  to  substitute  a  simpler  construction. 

Figures  2a  and  2b  represent  this  device. 

The  platinum  plate  is  replaced  by  a  piece  of  pure  rubber  sheeting,  the 
thickness  of  strong  paper  ^  by  8-16  of  an  inch,  which  is  attached  to  the 
end  of  the  spring  by  means  of  a  solution  of  rubber.  The  lower  part  of 
the  spring  may  be  rendered  proof  against  chemical  action  by  galvanic 
platinum  plating,  or  by  a  coating  of  rubber.  The  former  is  certainly  the 
best,  but  I  found  by  several  months'  experience,  that  a  spring  coated 
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with  Ttthb^r,  will  resist  the  action  of  standard  acids,  and  sbows  no  sl^ 
of  oiydation  and  diasolutitin.  The  rubber  coating  is  done  verj-  t|U)ekly 
with  a  ootioentrated  chloroformic  *olutiou.  The  dipping  in  and  drying  is 
repej^ted  several  times.  I  have  furnished  now  n.U  the  burettes  nsed  hj 
my  ttudenis  with  this  simpler  contrivance  (|t<M))  and  have  l«>und  ni^  ex- 
pectations more  than  realized.  The  surface  of  contact  between  I  lie  rub- 
b«i-  and  the  standard  solutions  is  so  small,  that  a  deteriorating  iBllueuce 
on  the  Utter  could  not  be  noticed. 

X  muflt  acknowledge  mj  obligation  to  Mn  J,  Zentmayer»  the  well- 
known  optician  and  mechanician,  of  this  city,  for  the  practical  execution 
of  my  ideas  and  for  many  valuable  suggestions  In  ihts  course  of  my  ex^ 
periments.  Any  further  information  that  may  be  deemed  neeosaary  shall 
moat  gladly  be  given. 
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On  several  occasions  I  have  given  descriptions  and  analyses  of  tellurium 
iiiineralB>  which  have  beeu  found  associated  with  the  gold  orest  of  this 
country.  Since  my  last  paper  on  this  subject  (Amer.  Jonrn>  of  Science 
[2]  XLV.^  306-310)  several  highly  interesting  discoveries  lia?©  been 
made,  which  not  only  augment  tlie  list  of  speciei,  but  also  corroborate 
some  of  my  former  observations^ 

Moat  important  is  the  occurrence  of  the  tellurium  ores  at  the  Red 
Cloud  Mine,  near  Goldhill,  in  Boulder  County,  Colorado.  Prof.  B.  Sil- 
liman  (.fourn.  of  Science  [3J  VllL  25-38),  has  given  a  very  accurate  and 
caniful  description  of  some  of  the  minerals  found  at  this  locality,  and 
an  exceedingly  interebting  account  of  the  geological  position  of  the  vein. 

Through  the  liberality  of  my  friend  J,  F.  L^  Schirmer,  Esq.,  l^uper- 
in  ton  dent  of  the  United  States  Mint  at  Denver,  Colorado,  I  have  been 
pnt  in  possession  of  a  considerable  quantity  of  very  pure  and  eacccllent 
material  for  luvestigation^  lucluding  ^veral  varieties  not  mentioacd  by 
Prof.  Sill l man. 

Another  interesting  locality  of  teUurium  minerals  is  the  Briggs  or 
\  King's  Moniitaiu  Gold  Mjno»  sometimes  called  the  Gaston  Mine,  in  Ga«ton 
Co^  N.  C,  where  I  noted  this  oc<3urrence  about  two  years  ago. 

A  thirti  one  is  in  the  neighborhood  of  Highland,  Montana.  Several 
others  of  iniucir  importance  will  be  nieutioued  under  the  dillerent  sp«ciei. 

The  tol liming  are  the  results  of  my  invebtigatious  : 
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L  Native  Tellurium. 

The  occurrenoe  »t  the  Bed  Cloud  Mine  is  fully  described  hy  Prof,  8il- 
limto*  1  have  ob&erv^  it  on  several  apecimetiR  in  anmll,  very  indistinct 
crystal^  with  rounded  edptes ;  ulso  in  one  splendid  cleavajje  piece,  sliow- 
.  a  plate  of  f  of  an  inch  in  len^h,  and  nearly  j  of  an  inch  in  width,  frotn 
''Which  I  Uive  o retained  a  hezagonaJ  cleavage  crystal  of  ^V  of  an  inch  in 
length,  and  I  of  an  inch  in  tbicknese.  Generally  it  is  di{<;seminated  in 
line  i^rains  through  quartz,  cleavage  perfect,  color  tin-wliite,  inclining  lo 
gr»y* 

Associated  with  sylvanite,  altaite  and  pyrite. 

Without  destroying  my  best  specimensj  I  could  not  get  enough  of  pure 
material  for  aoalysi^, 

a,  Tetradymite. 


Tlie  flulphurous  variety  of  tetradytnite  has  heen  observed  at  aeveiul 
new  ti>oalities  :  associated  with  gold  ores  in  small  lead- colored  scales  at 
Bpaulding  Co.,  G^eotgia ;  also  Id  York  District^  8,  C,  { in  quartz  from  the 
gravel  deposits  of  Burke  and  McDowell  Counties,  N,  C, ;  In  gray  quartz 
with  gold  at  the  Montgomery  Mine,  liassayampa  District.  Arizona  ;  and 
at  the  **  Uncle  Barn's  Lode,"  in  Highland  District,  Montana,  At  the 
latter  place  it  in  found  associated  both  with  tiuartz  and  gold,  and  in 
dolomite.  Part  of  it  is  oxydized  into  montanite.  The  litter,  however, 
is  uot  in  a  state  of  suflScieut  purity  for  analysis.  That  the  telluHuro  is 
pretnenl  as  telluric  acid,  and  not  as  tellurous  acid,  is  proved  by  the  large 
evolution  of  chloriae,  when  it  is  heated  with  cblorhydrie  acid,* 

The  t^jtradymite  occurs  here  in  considerable  quantityj  in  foliated 
masses  with  folise  sometimes  J  of  an  inch  in  wtdtli  and  scaly-granular* 
Its  color  is  between  lead-gray  and  iron-black.  It  is  often  tamished  with 
pavonine  colors. 

The  gold,  which  is  often  interlaminated  with  it^  shows  the  striatioo  of 
the  tetradymite,  and  is  evidently  the  result  of  its  pi'eeipiUlhi^^  action 
upon  the  gold  in  solution,  in  the  same  manner  as  already  (»tati^d  in  my 
notice  of  the  pi^eudomorphous  gold  after  tetradymite  from  the  White 
Hall  Mine  (Amer.  Journ.  of  Science  [2]  XXVllL,  SI), 

It  is  an  interesting  fact  that  the  tetradymite  from  ruclc  Bam'^s  Lode 
contains  sulphur  as  an  essential  constituent,  while  that  from  the  gold 
placers  of  Highland,  which  I  had  received  from  Mi.  Kleinschniidt,  and 
deecribed  in  the  Journal  of  Bcience  [2]  XLV*»  111(5,  infr^  from  it. 

My  friend  Mr,  P*  Knabe  has  m^ide  iiom&  very  important  obKervatiuuft 
on  this  subject,  which  are  contained  iu  his  letter,  daUd  Highland,  Mon- 

•  t  notice  ttifi  following  mlipHntG  In  l»r  Biirkari*!  tmper^  **l.!lHr  *      -  -a 

VSri^1ikttfiii«rT«Uar-Mli3«irHlD  In  itiui  Vftriitijlgteti  SUiit«iii  Tf^n  N&m 

hSfil  ti  (lelDltt  Nouoi  JubTbacli  dvr  MiuemUiil€,cic.,li»7££,  \m^A  im, .;...  ,. ,,   ... a, ; 

Twttar*iM%irt  inft&sd  Of  THIutii/e  Hamrt,  lAd  oa  intf  e  4«U,  llni)  1^,  TtUuH^t  H*ure  la^ 
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bha,  Dae.  20th,  1S70,  uf  wlikli  I  translate  tliiit  part  wUkh  roFeri  to  tliiA 

fttili|e<3L     H«  says  : 

•*/  hnt^  ilUtnmred  the   ttiradi/miU  tfihifk  i »eni  $on  in  rncle  Saai*s 

yUtrmiymiit  frma  Highland  GuUh^  ichifh  I  found  to  he  the  Rul]jliurc»uH 
[varieffft  and  mu  the  reft  r^  r^ry  math  ${i,r^ruifd  to  find  fnmi  )/onr  pamphirt 
ih*ii  the  tetradnmite  from  Ilyjhland  OuMi  exnmmtd  hjf  you  wati  tht  variety 
without  «Hiphttr^  After  I  had  rtpmttdl^  txfimined  \mce»  &f  thr.  iaid 
miiMtrtd^  I mudii  the  di/(f*opery  that  Imih  varfeties  o/telriidyTOita  aro  found 
togMhtr  in  Ihghtand  Gulch.  Thi«  wmt  thv  more  ihterextut^^  sin^e  there 
occur  in  it  also  tint  diifcretU  varietiea  of  ^okl^  which  fact  fft'cr*  pretty  con- 
clutiH  ^t^ideni'A  that  the  gold  o/  thf^  Uuich  cma*'»  from  two  i\W^iK*nt  for ma- 
Uom,  The  fincM  tjfM  of  the  Onlrh  ori/jiuatcn  ttndoybttdlyfr&m  the  ffaritet 
vjAiVA  oceur*  bfittrrxn  the  dftloimts  and  ffrunife.  I  then  examined  the  dtfrr- 
eni  trial  pit*  in  thfi  dol&mtt4^  afidf&und  i>i  Ihisformaliatt  at  ths  head  of  the 
Gulch  in  tk€  l/neU  Sam  Loda  thts^  »p(*ctmtn^  mfmh  I  Atnt  you^  In  the 
garmt  r&ek  tffhich  adjotnn  the  Quick  mi  if*  left  »itisj  I  ham  nt}t  yitf&und 
any  tHradymitt  ;  bitt  ij*  a  piece  of  garnH  frnm  thtf  Gulch  I  found  gold  and 
■■tetratiymitu  without  Aulphttr*  fa  all  the  Mampln  of  the  »uiphurnat  i;\arut^ 
of  tctrady  mile  from  the  tJ-ulch^  «*  W4U  as  tn  that  fro  rn^  Uncle  Sam*i  L&dt 
I  found  a  trace  of  iteleniuuu^^ 

The  ft^ilouin^  rtri?  tU©  resulta  Of  my  atitilyseft  of  tlie  tetmdyniito  trota^ 
Hade  Sam's  Lotle  ; 

BiimQly  rallAtml.  Smaller  aonlua  rYim^ 


8p.  Gr. 

^^ 

7,332 

— 

IJA-l 

Qmirli! 

= 

0.03 

^ 

QM 

itold 

s= 

0.31 

— 

BlMimth 

= 

Ba,40 

— 

50,94 

Copi>er 

— 

trace 

^ 

UAl 

Iron 

=^ 

0,fM) 

— 

Tellurium  (by  diff.) 

— 

:14JI0 

—  (l^ydiiF.) 

34.41 

Selenium 

:^- 

trace 

— 

»X14 

Sulphur 

^ 

AM 

— 

15.16 

100.00  100.00 

At  the  Red  Cloud  Bliue,  Colorado^  tetradymite  seems  to  be  one  of  the 
rare^'t  mioerals.  Thf^  first  iimJi cation  which  I  had  of  it  was  the  observa- 
tion uf  a  small  quantity  of  bismuth  in  the  analyitis  of  one  of  tbi*  varieties 
of  pctzite.  Afler  a  ^'reat  deal  of  .search  1  cHscovored,  associated  with 
jvyrite  and  auriferous  he»site,  a  very  few  minute  iron-gray  scales,  some 
of  them  with  a  bluish  tarnish,  which  on  examination  proved  to  be  the 
4  ti  Ip  haroti^  V  ar ict  y  o  f  tetrady m  i  te , 

3,  Altaite. 

1  have  discovered  this  rare  minenvl  Httiro   uew  locrtlities — the  Red 
Cloud  Mine,  Colorado,  and  the  Kiog^s  Mountain  Mine,  Gaston  Co*,  N.  C, 
A.  r.  s.— VOL,  xjv.  5c 
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At  the  latter  locality  it  is  found  in  sugary  quartz  associated  with  gold, 
galenite,  chalcopyrite,  pyrite,  antimonial  tetrahedrite,  and  more  rarely 
with  nagyagite  and  a  greenish  micaceous  mineral  resembling  fuchsite. 
It  occurs  in  small  quantities  only,  and  is  so  much  mixed  with  the  other 
minerals,  that  I  was  unable  to  select  enough  for  a  quantitative  analysis. 
It  is  easily  recognized  by  its  tin-white  color,  with  the  greenish-yellow 
hue,  and  its  great  lustre.  It  is  found  in  particles  showing  the  distinct 
cubical  cleavage,  but  also  finely  granular.  A  very  interesting  but  quite 
small  piece  shows  a  cleavage  mass,  part  of  which  is  altaite,  part  galenite, 
without  any  interruption  in  the  cleavage  plane,  both  minerals  being 
easily  distinguishable  by  their  color. 

The  altaite  at  the  Red  Cloud  Mine,  Colorado,  is  found  in  larger  masses, 
generally,  however,  very  much  intermixed  with  other  minerals,  espe- 
cially native  tellurium  and  sylvanite.  It  is  associated  with  pyrite,  siderite 
and  quartz.  Sometimes  it  is  found  in  indistinct  cubical  crystals,  appar- 
ently coated  with  a  thin  film  of  galenite ;  rarely  in  larger  cleavage  masses. 
I  have  a  cleavage  cube  of  §  of  an  inch  in  size  of  distinct  cleavage  :  some 
of  the  planes  are  slightly  coated  with  galenite.  The  most  frequent  occur- 
rence is  that  in  granular  masses  with  indistinct  cubical  cleavage,  a  frac- 
ture inclining  to  subconchoidal  and  a  yellowish  tarnish.* 

The  analysis  of  a  portion  of  the  cleavage  cube  gave  the  following 
results  : 

Spec.  Gr.  = 

Quartz  = 

Gold  = 

Silver  -= 

Copper  = 

Lead  = 

Zinc  = 

Iron  = 

Tellurium  = 

99.00  99.74 

4,  IIessite,  Auriferous  Hessitb,  Pbtzite. 

Varieties  of  tcUuride  of  silver  with  variable  quantities  of  gold  are  the 
principal  minerals  which  give  the  ores  of  the  Red  Cloud  Mine  their  value. 
I  believe  that  I  was  the  first  to  whom  specimens  of  the  rich  auriferous 
variety  wei-e  sent  by  Mr.  Schirmer.  These  I  have  determined  as  petzite. 
Prof.  Sillimau  mentions  a  variety  (1.  c.)  containing  7.131  per  cent,  of  gold 
and  51.061  per  ceul.  of  silver,  of  which  he  gives  a  very  accurate  descrip- 
tion ;  he  evidently  had  only  this  one,  and  therefora  comes  to  the  conclu- 
sion that  the  Red  Cloud  Mine   contained  no  other  varieties.     It  will  be 

•  In  Dr.  Bttrkart*8  paper  (1.  c.)  p.  487,  line  12  ttom  the  bottom,  read :  htxaedri»cht 
Instead  of  hexngonale. 


8.060 

0.19 

— 

0.32 

0.19 

— 

0.16 

0.62 

— 

0.79 

0.06 

— 

0.06 

60.22 

— 

60.53 

0.15 

— 

0.04 

0.48 

— 

0.33 

37.99 

— 

37.51 
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seen  fhim  the  analyses  which  I  give  below,  that  there  are  several,  from 
almost  pare  hessite  without  gold,  up  to  the  highly  auriferous  of  the  same 
composition  as  that  from  the  Stanislaus  and  Golden  Rule  Mines  in  Cali- 
fornia. 

a.    HE86ITB. 

The  pure  hessite  appears  to  be  yery  rare.  I  have  received  only  one 
small  piece,  which  Mr.  Schirmer  distinguished  as  '* black  tellurium." 
It  is  of  a  dark  iron-gray  color,  inclining  to  black,  granular  structure  and 
oneyen  fracture ;  powder  dark  lead-gray ;  sectile.    Its  spec.  gr.  =  8.178. 

It  contains  some  cayities  lined  with  minute  crystals  of  pyrite  and 
barite. 


The  analyses  gaye : 
Gold 
BUyer 
Ck>pper 
Lead 
Zinc 
Iron 
Tellurium 


0.23 
59.01 

ai7 

0.45 
trace 

1.86 
87.86 


bydifi:=r 


m96  100.00 

In  all  the  other  yarieties,  the  difference  in  the  appearance  of  the 
mineral  is  so  slight  that  it  is  almost  impossible  to  distinguish  them. 
They  all  haye  an  iron-gray  color,  and  frequently  assume  by  tarnishing  a 
darker  or  purplish  color,  a  subconchoidal  fracture ;  the  more  argentiferous 
are  somewhat  darker,  the  more  auriferous  lighter  and  more  brittle. 

b,    AUBIFBROUS  HeBSITES. 


«, 

Sp.  gr.  = 

=  8.789. 

p,  Sp.  gr.  =  8.897. 

Quartz 

= 

0.18 

— 

0.13 

— 

0.70 

Gold 

= 

3.31 

— 

3.34 

— 

13.09 

Silver 

==: 

59.68 

— 

69.83 

— 

5a  56 

Copper 

= 

0.05 

— 

0.06 

— 

0.07 

Lead 

= 

— - 

— 

0.17 

Zinc 

= 

— 

— 

0.15 

Iron 

= 

0.15 

— 

0.21 

— 

0.86 

Tellurium 

" 

37.00 
100.97 

36.74 
100.31 

34.91 
100.01 

c.  Petzitb. 

a 

/? 

Sp.  Gr. 

= 

9.010 

— 

9.020 

Quarta 

1= 

0.63 

— 

o.a'j 

Gold 

= 

24.10 

— 

24.69 

Silver 

= 

40.73 

— 

40.80 
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Copper 

Bismuth 

Lead 

Zinc 

Iron 

Tellorium 


trace 
0.41 
0.26 
0.05 
0.78 

83.40 


by  diff. 


trace 


0.21 

1.28 

82.97 


100.44  100.00 

The  above  analyses,  to  which  add  for  comparison  those  of  Prof.  Silli- 
man  and  the  petzite  from  Nagy-Ag,  give  the  following  atomic  ratios 


en  gold,  silver  and  tellurium 

ha             =             1 

:             82.7 

84.3 

Silliman     ==             1 

:             14 

b/9             =             1 

:              7                : 

8.2 

Nagy-Ag  =             1 

:              4.7 

5.9 

Petzite      =             1             : 

3.1              : 

4.2 

From  which  it  will  be  seen  that  gold  and  silver  appear  to  replace  each 
other  in  indefinite  proportions,  while  the  mixture  of  the  two  combines 
atom  for  atom  with  tellurium. 

6.  Sylvanite. 

The  Red  Cloud  Mine  is  the  first  American  locality  at  which  this  mineral 
has  been  found.  It  was  observed  by  Prof.  Silliman,  but  his  stock  was 
not  sufficient  for  a  more  minute  description.  The  specimens  which  I 
have  are  massive,  showing  eminent  cleavage  in  one  direction,  giving  it  a 
plated  appearance.  In  one  piece  it  occurs  in  quartz,  which  is  penetrated 
by  crystalline  aggregations  arranged  in  a  line  of  over  one  inch  in  length 
and  ^  of  an  inch  in  thickness,  resembling  the  real  ** graphic  tellurium^* 
fh>m  Transylvania.  Its  color  is  silver-white,  with  a  strong  gray  tint ; 
brilliant  metallic  lustre. 

It  is  associated  with  pyrite,  which,  in  very  small  crystals,  is  often  so 
thickly  disseminated  through  the  mass,  that  it  is  very  difficult,  if  not 
impossible,  to  obtain  pure  material  for  analysis. 


Bp.gr. 

^  7.948 

a 

fi 

r 

Quartz 

= 

0.32 

— 

0.86 

—  * 

0.59 

Gold 

— 

24.83 

— 

23.06 

— 

25.67 

Silver 

= 

13.05 



11.52 



11.92 

Copper 

— 

0.23 

— 

0.57 

— 

0.21 

Lead 

= 

— 

— 

0.46 

Zinc 

= 

0.45 

— 

0.11 



0.06 

Iron 

= 

3.28 

— 

4.84 

— 

1.17 

Tellurium 

= 

56.81 

— 

54.60- 

-bydiflf.: 

=58.87 

Selenium 

= 

trace 

— 

trace 

— 

trace 

Sulphur 

= 

1.82- 

-by  diflf.= 

=  4.44 

— 

1.05 

100.29 


100.00 


100.00 
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The  atomic  mtioB  betweaa  gold^  silver  and  t«tliiriiimj  and  tha  com- 
bined gold  and  silver  and  tellnriuin  are  as  folio w^s  : 

*  Au  :  Ag  :  T©  =.  l  :  0,90  :  0J8  ^  (An  Ag )  :  Te  =  1  !  ^ft 
5  «  ;  **  ;  "  =  1  ;  0.91  :  7*20--  "  :  "  ^  I  :  3.8 
f    "    :    "   :    «   =^  1  :  0,84  :  6,45  —       "        :    ^'  ^  1  :  3.5 

6.   CALLYlEttlTE. 

T  have  observed  one  very  minute  up^ciraen  of  tkia  rare  mineral  amongBt 
tLoH»  from  the  Red  Cloud  Mine,  wbich  ^Ir.  Scbirmer  sent  me.  It  fully 
aniwers  the  deicription  wlucli  I  have  previously  g^iven  (L  o,)* 

It  If  aatioclated  with  ejlvauite  and  quarts^*  It  contains  a  somewhat 
aller  pereent^ge  of  silver  thatk  that  from  tlie  StanidauB  Mi  tie  in  Calj- 
fartiia. 

The  waroily  of  the  material  did  not  allow  me  to  obtain  for  analysis 
more  than  0Jfi54  gra*,  from  whioh  O.OOoQ  gi^.  of  ijuarta  were  deducted. 
Dr.  G,  A*  Eoonig  reduced  0*0: J32  grs.  beforo  the  blowpipe,  and  obtained 
4'iJr3  [>er  cent,  of  gold  and  silver,  which  I  then  separated  with  tlie  results 
given  he  low. 


It  contains  : 
Gold 
Silver 
Tellurium 
Copper  and  iron 


3,24            —              2.56  f^ 
57.67  —  bydlff.  ^57,68 
traces  


3S 


100.50 


l(K),do 


I  was  in  the  hope  that  I  would  find  in  the  ox  yd  t  zed  specimens  of  the 
tenunum  ores  from  the  Red  Cloud  Mine  interesting  products  of  decom- 
position^ but  observed  hardly  anything  else  than  native  goidt  fiometimt<s 
in  very  minutu  scales  in  the  partly  decomposed  petzite,  and  small  quan* 
ties  of  cerargyrite.  There  is  also  a  minute  quantity  of  what  is  probably 
tellurate  of  silver  present,  becauae  if  the  oxydised  minerals  be  treate<i 
witl)  amnionic  hydrate,  and  the  amnionic  solution  be  filtered  and  boiled^ 
and  subsequently  aeldulated  with  nitric  acid,  the  argentic  chloride  be 
precipitated,  the  iiltrate  from  this  contains  both  sit§er  and  tellatmm. 

I  tilso  observed  among  the  oxydized  pieces,  one  which  had  a  yellowish 
coating,  probably  montanite  ;  the  quantity,  however,  was  too  small  for 
any  investigation  other  than  a  determination  of  the  prentsnce  of  bijsmuth 
and  teUurium. 

7.  TELL0aA.TE  OF  Copper  aki>  Lkad — \  tikw  MiNKaAL. 

This  new  tellurate  has  been  discovered  by  Mr.  P.  Ivnabe^  in  the  **  Iron 
Rod"  Mine,  Silver  Star  District,  Montana.  He  had  sent  me  a  small 
quantity  of  the  same,  which  consisted  of  an  appai^ently  uniform  siskin- 
green  powder. 


Genth.]  230  [Aug.  21, 

I  bad  intended  to  make  a  full  investigation  of  the  same,  bat  unfortu- 
nately it  has  been  mislaid  or  lost. 

However,  I  will  give  the  most  important  part  of  the  information  about 
its  occurrence,  which  I  have  received  in  Mr.  Knabe's  letter,  dated  High- 
land, March  26th,  1871. 

**l8end  you  enclosed  a  mineral  from  the  Iron  Bod  Mine,  Silver  Star 
District,  Montana,  which  I  hope  toill  be  interesting  to  you.  The  same  sub- 
stance apparently  is  found  in  the  Silver  Star  District  in  all  the  veins  which 
occur  in  the  crystalline  states,  I  have  not  examined  that  from  the  Iron 
Rod  Mine,  because  I  did  not  want  to  use  up  a  portion  of  the  already  small 
quantity — but  in  a  mineral  of  exactly  the  same  appearance  from  the^*Oreen 
GampbeW^  Mine,  in  the  same  District,  Iliave  found  oxides  of  copper  and 
lead  and  telluric  acid.  I  shall  try  to  obtain  it  from  different  mines  in 
order  to  ascertain  whether  it  is  constant  in  its  composition  or  is  a  mixture. 
In  the  Green  Campbell  Mine  it  is  found  as  a  thin  coating  upon  the  selvage 
of  the  footwall,  whilst  in  the  Iron  Rod  Mine  it  occurs  in  the  fissures  of  the 
rock.'' 

In  the  same  letter  Mr.  Enabe  mentions  the  interesting  fact  of  having 
examined  a  graphite  from  the  Harvey  Lode,  occurring  in  the  dolomite, 
which  contains  2.1  per  cent,  of  silver. 

This  is  the  last  information  which  I  have  received  from  Mr.  E. ;  in  it 
he  states  that  in  the  latter  part  of  May,  1871,  he  would  make  explora- 
tions in  the  wilderness,  40  miles  W.  of  Highland. 

8.    BiBMUTHINITE. 

Dr.  Burkart  states  in  an  appendix  to  his  observations  (1.  c.)  on  the 
American  Tellurium  Minerals,  (Leonhard  &  Geinitz  Neues  Jahrbucb, 
etc.,  1874,  9,)  that  in  the  Las  Animas  Mine  on  the  Sugar  Loaf  Mountain, 
C/olorado,  bismuth  ores  are  found — either  native,  or  in  combination  with 
sulphur  and  tellurium. 

The  few  small  pieces  of  bismuth  ores  which  I  have  seen  from  this  lo- 
cality were  bismuthinite,  in  stout  columnar  aggregations,  in  great  part 
converted  into  bismuthite,  but  with  still  a  large  percentage  of  undecom- 
posed  tersulphide. 

It  contained  a  small  percentage  of  silver,  but  not  a  trace  of  tellurium. 

9.    SCHIRMBRITE — A  NEW  MINERAL. 

Massive,  finely  granular,  disseminated  through  quartz ;  no  cleavage 
could  be  observed  ;  fracture  uneven  ;  soft,  brittle.  Sp.  G.  =  6.737  ;  lead- 
gray  inclining  to  iron-black,  lustre  metallic.  B.  B.  fuses  very  easily 
and  gives  the  reactions  of  bismuth,  lead,  silver  and  sulphur. 

After  deducting  1.00  per  cent,  quartz  in  analysis  I.,  and  1.07  per  cent, 
in  11.^  the  results  are  as  follows  : 
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It  m  allied  to  and  olosaly  renembles  cosalite* 
Dedicated  to  J.  F*  L*  ScbiTmer,  Eaq. 


P.S.  Since  the  read  log  of  m^  paper  an  ar£icle  liaa  upp&ared  iu  tliii  Eq- 
gtneeHnj^  and  Minmg  Journal,  of  August  20th,  1874,  on  **  Tellurium 
Ores  of  Colorado,  bj  Fred.  M.  Etidlich/'  which  I  nniHl  not  pass  uuug^ 
tl^ed,  &t  it  coutam*  several  atatfment«  wbkh  I  cautmt  eudoi^e. 

Th^  paper  shuwsthat  Dr.  Endlicli  ha*l  uol  a  suihcieut  quantity  of  pure 
material  for  hU  oxami nations,  and  the ii* fore  based  hij*  new  sj^ieojes  upon 
a  partial  examination  of  mixtures. 

Hi*  **  Srhirmeritc^^  m  evidenlly  nothing  else  but  a  mixture  of  pi't£ite» 
either  with  pyrite  or  perhaps  with  a  teOuride  of  iron — a  mineral  which 
has  not  yet  been  fumid  in  its  pure  state,  the  existence  of  which,  how^^ver, 
U  prfjbtthlo  fnim  tbs  fact  that  both  tbo  true  and  the  aurifurous  beffsite?, 
which  arc  unite /ri; a  from  aulpbufj  invariably  contain  a  minute  quantity 
of  irou — which  according  to  my  analyses  varies  from  0.15  to  L;irj  per 
oent. 

If  Dr.  EridUdb  had  given  bis  name  to  a  good  speciea,  I  would  very 
cheerfully  have  adopted  it  and  given  another  to  niy  new  feulphbismuthide 
of  silver  and  lej.d — but  as  the  mixture  which  he  deaenliesi  ia  not  entitled 
to  a  name,  that  of  *'  Schirmerite  ^*  mut*t  rciuiain  for  my  spc^ijies. 
.  lUfi  *  *  i/<?i  ri  r^i7^  "  ii  undoubtedly  nothing  but  an  altaitc,  with  an  ^ulmix- 
lure  of  pyrite* 

Kntiwing  from  Mn  Hcbirmer,  that  he  has  given  me  for  this  invest iga- 
tiiu  the  purest  and  best  of  all  the  mineral*  which  have  oceui^red  at  the 
Ked  Cloud  Mine^  I  can  state  without  hesitation  that  Dr.  Bndlieh*ii  spe- 
cie 8  have  no  existence. 
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ON   THE   RESOURCES   PRODUCTIONS   AND    BOCIAX   CONDI- 
TION  OF  EGYPT. 

Bt  Alexander  Delmar, 
Late  Director  op  the  United  States  Bureau  op  Statistics. 

{Read  before  t  ''e  American  Philosophical  Society^  October  2, 1874.) 
Introduction. 

The  United  States  of  America  produce  annually  about  275  million 
bushels  of  wheat,  or  about  6^  bushels  per  capita  of  population.  Of  this 
amount,  they  consume  over  230  million  bushels,  or  about  5^  bushels  per 
capita ;  and  have  about  42  million  bushels  surplus  left  fjr  sale. 

The  Uuited  Kingdom  of  Great  Britain  and  Ireland  produces  annually 
about  05  million  bushels  of  wheat  and  consumes  100  million  bushels,  or 
about  5 J  bushels  per  capita.  It  has  therefore  a  deficit  to  purchase, 
amounting  to  as  much,  of  wheat,  as  all  it  produces,  or  93  million  bushels. 
Thus,  England  has  two  bushels  of  wheat  to  buy  where  we  have  one  to 
sell. 

As  wheat  forms  the  daily  bread  of  the  two  countries,  and,  unless  in  ex- 
ceptional or  extrame  cases,  no  substitute  for  it  will  be  accepted  by  the 
people,  the  purchases  of  these  vast  quantities  of  wheat  on  the  one  side, 
and  their  sale  on  the  other,  form,  naturally  enough,  occasions  for  the  ex- 
ercise of  a  good  deal  of  what  may  be  euphemized  as  commercial  diplo- 
macy. In  plain  English  the  grain  trade  abounds  with  misrepresentation, 
and,  as  it  happens,  at  the  present  time,  this  misrepresentation  has,  to  a 
certain  extent,  centred  itself  upon  the  agricidtural  resources  and  wheat 
crop  of  Egypt. 

Treating,  as  it  will  pretty  fully,  upon  this  topic,  the  present  paper 
therefore  claims  to  possess  something  more  of  scientific  value  than  one 
which  might  have  related  less  directly  to  the  affairs  of  our  everyday 
life ;  and  although  this  claim  might  pass  for  nothing  among  peoples 
whose  lives  and  thoughts  are  more  in  the  remote  past  or  remote  future, 
thau  the  present,  I  trust  that  it  does  not  imply  too  great  assurance 
if  I  venture  to  hope  that,  if  made  good,  it  will  lose  nothing  at  the  hands 
of  my  own  countrymen,  on  account  of  this  utilitarian  basis. 

The  gist  of  the  present  dispute  about  Egypt  is  as  follows  :  A  school  of 
British  agricultural  writers  at  the  head  of  whom  is  Mr.  Kains- Jackson, 
estimates  that  during  the  ensuing  harvest  year  1874-5,  the  United  King- 
dom, instead  of  needing  to  purchase,  as  usual,  about  95  million  bushels 
of  wheat,  will  require  but  64' to  72  million  bushels  ;  and,  on  the  other  hand, 
instead  of  having  to  rely,  as  usual,  mainly  upon  the  United  States,  has 
bf  reason  of  the  present  yearns  abundant  wheat  harvest  throughout  the 
ci^rilized  world,  the  option  of  purchasing  as  much  wheat — perhaps  more 
— elsewhere,  as  she  will  need  to  purchase  from  us. 

Among  the  countries  specified  by  this  authority,  as  having  this  year  a 
surplus  of  wheat  to  dispose  of,  are  France,  Germany,  Russia  and  Turkey. 
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Mr-  Rains- Jaekson^ft  Rtstementa  witb  regard  to  the  wbc&t  crops  of  all  of 
them  countries^  as  well  with  regard  to  tliat  of  his  own  country,  have  al- 
readjf  been  shown  to  bo  excessive  ;  while  as  to  Turkey,  h&  was  remindeil 
that,  sa  far  from  pHjanesaing  a  surphift  ci-op  of  wheat,  the  people  in  Aiia- 
toUft  wete  dying  from  starvation,  literally  in  myriadis.  To  thifl,  the  re- 
spooie  has  been  made  tliat  by  Turkey  was  meant  Egypt,  and  as  none  of 
the  wj'kers  upon  the  subji^ct  appeared  to  know  anything  more  about 
^*^pt  than  that  it  was  a  land  of  pymmlde,  ruined  temples  and  **biick- 
she«?8h,*^  Mr,  K  si  ins- Jack  son  has  remained  more  or  less  uxiim  perched  ; 
aud  our  manufac^turei-s^  our  shipping  and  our  railways,  all  of  which,  as 
things  stand,  di^pend  largely  upon  the  prospectii  of  the  grain  tmde,  aj-e 
tln>ii|;ht  t^j  have  indicated  »ome  aymptoms  of  distrust  with  regard  to  the 
prospect  before  them  for  the  eoming  year. 

Should  such  diatrust  exist,  I  liope  that  it  may  tend  at  least  in  some 
degree  to  dispel  it,  if  I  here  express  the  strong  convietion  that  it  w  en- 
tirely groundless,  and  that  during  the  ensuing  harvest  year^  as  hitherto, 
in  the  past,  our  surplus  wheat  will  find  as  ample  and  profttable  a  foreign 
marke't-^aye,  in  England,  too,— as  can  be  reasonably  desired,  and  that, 
therefore,  neither  our  domestic  industries  nor  carrying  tra<Io,  by  knd  ^r 
water,  should  suffer  anything  from  the  misrepresentations  that  have  been 
made. 

And  now  to  Egypt. 

HiSTOKr. 

Of  the  ancient  history  of  this  most  interesting  country^  I  need  only  say 
that  it  began  in  the  remotest  past  and  ended  with  the  Persian  oonque&t 
about  5fH)  years  before  our  era.  About  2(J()  yuars  l^ter,  Egypt  became  a 
Oreek  province,  under  Alexander,  and  about  300  years  later  still,  or  at 
about  the  commencement  of  our  era,  it  fell  beneath  the  arms  of  Rome. 
This  WAS  the  pcrioil,  when,  with  relerenee  to  its  function  of  supplying  the 
markets  of  the  city  of  Fiome  with  corn,  it  was  called  the  granary  of  the 
world »  It  was  estimated  by  Greek  and  Itoman  writers  to  have  contained 
at  its  most  nourishing  period  a  population  of  7,OCK\Q0O,  With  alternately 
Pagan  and  Christian  rulei^  ae  one  or  the  other  Roman  faction  succeeded 
in  obtaining  control  of  its  guvernmentf  Egypt  remained  in  an  anarchical 
state  until  the  year  A*  D.  61C,  when  the  Persians  again  ti>ok  it,  Thi*y 
hold  it  for  ten  years  and  surrandered  it  to  the  Arabs,  who  held  it  for  OllO 
years. 

At  lengthf  in  1517,  it  was  conquered  by  the  Turks,  who — not  without 
having  for  a  time  lost  It  to  the  Marmelukes,  who  in  turn  lost  it  to  the 
Fie nch— have  retained  it  to  the  present  time. 

Thus,  fr*jni  the  most  ancient  period,  Egypt  has  been  an  enslaved 
country— a  fact  whose  redeotion  ean  be  neen  at  all  times  in  the  extreme 
misery  and  abjection  of  her  people*  For  the  continuance  of  this  wretch- 
edness, England— but  for  whose  interference  forty  years  ago,  the  Pasha 
would  have  liberated  his  country  from  the  Turkish  yoke — is  chiefly  re- 
tponsiible*  When  that  yoke  it  cast  off  and  the  Pasha,  deprived  of  his 
Am  f.  »*— TOL.  XT?,  2d 
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present  excuse  for  the  tremendous  exactions  he  imposes  upon  the  people, 
is  rendered  clearly  responsible  for  their  condition  and  welfare,  Egypt 
may  for  once  in  almost  countless  years  breathe  the  air  of  freedom.  But 
until  then  it  is  impossible. 

Napoleon  reminded  his  soldiers  that  forty  centuries  of  historic  time 
looked  down  upon  them  from  the  pyramids.  Let  us,  of  England  and 
America,  whose  heritage  for  over  600  years  has  been  the  largest  freedom, 
and  whose  boasted  mission  it  has  been  to  place  this  priceless  boon  within 
the  reach  of  all  the  men  of  earth,  remember  that  from  the  appealing  eyes 
of  this  uuhappy  people  forty  centuries  of  suffering  look  up  to  us. 

After  the  departure  of  the  French  from  Egypt,  the  Turks  and  Marme- 
lukes  were  embroiled  in  civil  war.  This  ended  with  the  accession  of  Me- 
hemet  AH,  as  Pasha,  in  1805.  In  1811  this  usurper  treacherously  slew  500 
of  the  Marmelukes  and  since  that  time  Egypt  has  been  in  peace.  In  1848, 
at  the  age  of  80,  Mehemet  Ali  became  imbecile,  and  his  eldest  son  Ibrahim 
reigned  in  his  stead.  Ibrahim  died  in  two  months  and  was  succeeded  by 
his  brother  Abbas,  a  profligate.  Mehemet  Ali  died  in  1849  and  Abbas  in 
1854.  To  these  succeeded  the  fourth  son  of  Mehemet  Ali,  Said  Pasha, 
who  reigned  uncil  his  death  in  1863,  when  his  nephew  Ismail,  the  present 
ruler,  ascended  the  throne.  Ismail  Pasha,  granted  the  title  of  Khedive 
by  an  imperial  firman  dated  1807,  is  the  son  of  Ibrahim  Pasha.  He  was 
born  in  1816  ;  educated  at  the  Paris  Polytechnic  School :  speaks  French 
and  a  little  English ;  owns  or  maoages  everything  in  Egypt,  among  the 
rest,  it  is  said,  27  palaces  for  his  personal  use ;  lives  precisely  the  same 
despotic  and  luxurious  life  that  his  pi'edecessors,  the  Pharaohs,  did,  thou- 
sands of  years  ago  ;  like  them  he  surrounds  himself  witi  foreign  adven- 
turers ;  like  the  Pharaohs,  too,  he  builds  the  most  astonishing  and  useless 
works  of  art ;  and  like  them  crushes  his  unhappy  people— the  great  bulk 
of  whom  are  of  the  once  warlike  and  progressive,  but  now  despised  Arab 
race— crushes  them  to  earth  with  a  disdainful  and  merciless  scorn  that 
finds  its  only  fit  expression  in  the  bastinado  and  death. 

Natural  Resources. 

Egypt  has  but  a  single  natural  resource — the  Nile.  There  is  no  other 
river  in  the  country ;  nor  has  this  one  a  branch  or  affluent  between  its 
mouth  and  the  Nubian  desert.  Beside  the  almost  shelterless  date-palms, 
there  are  no  trees  ;  the  few  wooded  parks  planted  by  order  of  Mehemet 
Ali,  the  ornamental  trees  of  the  cities,  of  which  it  is  said  Cairo  and  its 
suburbs  contain  40,000,  and  the  mulberry  trees  raised  for  silk  worms — 
scarcely  deserving  to  be  mentioned  in  this  connection.  There  is  little  or 
no  i*ain  ;  the  agriculture  of  the  country  depending  almost  entirely  upon 
the  irrigating  canals  connected  with  the  Nile. 

Number  of  rainy  days  at  Ciiiro  from  A.  D.  1798  to  1800,  about  15  a 
year  ;  from  1835  to  1839  about  12  ;  in  1871,  9.     Quantity  of  rain  in  1835, 
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XT  millimetres ;  183S,  11 ;  1880,  Z ;  in  Wit,  not  recorded,  but  the  min  fell 
altf^i^etlier  only  9  Itonrw  during  the  yenr,  Hame  climalo  tiiroiighout  all 
Lower  Egypt ;  while  in  Upper  E^'ypt  it  is  nearly  the  eaitie* 

There  is  no  wood  for  fuel  or  building  piirpoaes,  Del t her  is  there  any 
OOaL  In  dny-timo  it  la  often  bk^ak ;  &t  night-time  chilly ;  though,  for 
the  nnwt  time  the  temperature  is  warm  and  sometimes  unoomfortably 
hot, 

HOHEYS,  Weiouts  ahd  Measubbs, 
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(rt  J.  Tbe  U.  S.  Trew,  Bei<.  1874,  p.  Mfl,  (Li  the  traluci  of  tbe  Egyptian  allvcir  plwt  of 
«>  pfaBtte*  at  n,im&-  ^h  S.  Oonmil  Tli^jer  {C  R,  lft02,  p.  bSl)  smfi,  21!^  iJliisLrci  etiu*l 
me  don^r.  Tliu  Trflaa.  Moathly  Stat.  M»r.  1872,  aay  tliftt  tha  Ejrypilaii  popptr  cultt^ga 
ttiu  ti««n  re<!fltitly  timoh  (Lebii8««J,  Imt  tbis  dooi  not  necessarily  mtfiu^t  thQ  v&loc^  ut  th«  ill- 
rer  or  Ic^gil  ttmlpr  or  '*  cuitom-liouM"*  piastre  of  Egypt,  There  vas  (lBl>M«smeiit  of  tlin 
taferlor  wlnfl  Iti  IS37,  alao.-^MacOrB^sor. 

ib\.  The  Aim.  ilQ  Piirlif  Un,  lajaa  fedilan  eqoalf  about  1200  ra^trod  carr^s^  Ab  a 
taHlTe  C!irr*1  e^inalp  lU.;oe4  ifjuaro  feot  f  Urftlgi,  I  r&tJiiivn  equals  MiBftT  fqniife  Heot ;  and  ai 
43>W«>  a<iuafe  feet  e«jual  1  acre,  therefore  1  feddan  VKiaaU  1,0323  ii«r<f ,  Tbia  V,  S.  Ctim, 
Bel,  1873* p  ii>?3.  w^yi  a.  fertdan  Is  loti  tbao  rvn  acre.  The  M.  S.  1R72,  Aay  "about  l!4 
•crei,^'  Backle.  Hist.  Cir.  (ad,  HaJiwr)  v>  1,  p*  61,  s&ys  l->4"  aeruf ,  and  Slwmond^i  Com, 
Dte.  iaye  ''about  1^ acres/' 

{€L  Tbe  U^  S.  Com.  Hel,  tSSB,  p.  ^B^  atid  IgT^t  p^  1^^>  ^^^^  '^^^  general  weight  of  ao- 
ttlorlty.  On  the  other  hand.  Buckle  1,  62,  saye  It  \v  le»F  than  I-Uth  of  a  bQ«hel ;  Koll}-*ii 
Uamljlit  sajs  !.i  Lo  %  \  Simmondu  tnyi  !  ,  U>1%  to  V>%  .  if  hlle  the  U,  S,  Cntn.  ReL  14TI» 
p,  1107,  -ay  II n  n.rdeb  li  )»  Ttoflhelt !  The  trtitb  U  It  vnrle*  in  all  parti  of  EjirypL  There 
lire  the  AloxtLmlrbi  {uied  La  ihe  teuton  jii^conint  of  Us  greater  universality i,  the  Cairo, 
th«  Dnrolettn,  tht;  Rciiof.ci  niid  many  oibor  ardebs,  Tht  Cairo  ardeb  la  l,i^il  hcfitoU- 
tr«i»— M*«Df ef  g  "F . 

(d^  U,  S.  Com.  Kol,  lba»,  p.  mn.  But  theO.  R.  of  IfHi  p,  UOl,  say  2.T6ib#*,wif1  Mar* 
tin 'a  Tear  BcH^k  aM  Kelly  *a  Oamhlst  aay  'i,E3fl  lbs.  It  has  not  b««n  luetl  to  obtain  any 
or  llie  numbers  lu  th«  text. 


ifu  1  eaoUr  or  oantnl  e'lUAls  14  okea  ©r  100  *•  rottolls**  or  **roll«.*'  Kelly'v  Gamblit 
and  the  ireneral  weight  of  authority.  But  the  Com,  Kel.  -mm,  iay«  loO  lbj3  [  Kelly  sayi 
fxf)  Ihs.,  wbl{:h  contradkita  bli^  prorfoua  atatement,  while  otbfar  auiborHles  pyay,  vijrlouilyi 
VTt  1^4. 11^  ibf.,  and  otb>er  ei^ultaleutif. 
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Total  Area  op  Bgtpt. 
[Excluding  the  Soudan.  (/)  ] 


CiTnCS  AHD  PSOVIVCBS. 

AJUBA— AOBJCS. 

populatioh. 
Oknsus  Mar.  22,  ^1. 

Cities  of  Alexandria,  Rosetta,  Daml- 
etta,  Port  Said  and  Suez,  including 
83,555  foreigners 

Lower  Egypt,  including  4,483  for-1 
eigners 1 

Middle  Egypt | 

CTooer  Eavot 

160,866,560 

654,569 
'2,615,798 

599,596 
1.333.442 

i?£6fa.?!^f ,:..::::::.::::::.:::... 

230,440,9601 
130,692,480 

70,896,000. 

' 

'       ' 

Senaar  and  Merbc 

Magsawa,   Souakin  and   Taka,    Pro- 
vinces on  the  Red  Sea,  say 

3,288,595 

Total 

592,896,000 

8.442.000 

EoYPT  Propeb. 

Egypt  proper  consists  of  Lower,  Middle  and  Upper  Egypt.  It  contains 
160,866,560  acres  of  area,  and  a  population  (in  1871)  of  5,203,405.  It  is 
to  this  country  only  that  the  followiufl:  statistics  appertain,  the  outlying 
provinces  and  protectorates  being  omitted,  as  desert  or  savage  countries. 

Arable  Abba. 

The  arable  area  of  Egypt  is  confined  substantially  to  the  inundable 
portion  of  the  valley  of  the  Nile.  As  the  river  closely  hugs  the  hills  and 
palisades  on  its  right  bank,  this  area  is  nearly  altogether  on  its  left.  In 
some  places  the  arable  lands  are  eleven  miles  wide  ;  in  others  they 
dwindle  to  a  mere  strip  of  bank.  For  the  most  part,  however,  this  area 
extends  westward  from  the  river  about  five  to  eight  miles,  whore  it  ia 
terminated  by  the  Libyan  hills  and  desert.  Every  year  it  is  extended 
by  the  rise  of  the  river  upon  its  own  bed.  This  rise  was  found  to  be,  at 
the  close  of  the  last  century,  4.960  inches  per  century.  Some  thirty  years 
Ago  it  was  computed  at  5.736  inches  per  century.  From  this  source  it  is 
said  that  about  65,000  to  70,000  feddans  of  area  are  annually  reclaimed 
from  the  desei-t  (C.  R.  1873,  p.  1070) ;  but,  as  will  presently  be  shown, 
there  may  be  as  much  or  more  lost  from  other  causes ;  the  area  of  culti- 
vable land  depending  more  upon  social  and  industrial,  than  natural  events. 

(/).  The  Soudan  Provlnoes  Inclnde  the  Valley  of  the  White  Nile  to  the  g^reat  N^Tania 
Liakee  and  extend  aoroBS  the  Oontlnent  of  AHrlea  westward  from  Nnbla  and  south  of 
Sahara.  Their  entire  area  Is  estimated  at  1,600,000  sqnare  miles  (about  one-half  the 
area  of  the  United  States),  and  It  Is  said  to  contain  14  million  feddans  of  land  sus- 
ceptible of  cultivation  (C.  R.  1873,  p.  1081),  and  a  population  of  60  millions,  negroes.  The 
■onth-eastem  extremity  of  the  Soudan  was  recently  taken  possession  of  by  Sir  Samuel 
Baker  in  the  name  of  the  Egyptian  Qovemment.  It  Is  aooesslble  by  small  steamers 
from  the  lower  NUe,  and  a  railway  Is  projected  via  Khartoum  and  Oh>ndokoro. 
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Id  1S33,  Egypt  was  estimated  to  |>ossefifi  3,500,000  feddans  of  cultivable 
Undj  **  if  cultivation  wei'e  pushed  to  its  utino«t  extent,"— MacGreggor, 

The  olBcial  survey  of  184:5  comprised  6,1*84,135  feddans  suBoeptible  of 
oultivatioo  ;  btit  this  included  the  BUperticial  surface  of  the  Nile  aud 
canals*  The  cultivated,  aud»  doubtless,  the  cultivable,  portion  (at  that 
time)  conflicted  of  3,82«,S40  feddans  as  follows  : 


Provificet. 


Lower  Egypt 
iliddltj  Egypt 
Upper  E^rypt, 

TotAl . . . . 


N«  ofFtddftM     tullival^d,  incliul' 
euitlvatwi.    I    li:iga$arnic6u(Nik 
And  UiLDftla* 


2,740,100 
750,409 


1,551, on 
&43,ooe 

708, 1T« 


3,820,340 


3,157,795 


The  report  of  1843^  and  also  a  late  report  of  the  British  Consul^  are  ao 
woi'dcd  ».s  to  coDvey  the  impteasion  that  there  is  almost  as  much  cultiv* 
able  land  unculUvau^d  as  there  ie  cuUivited  ;  but  this  ia  not  the  fact. 
Tlie  so-called  cultivable  land,  not  cultivated,  consists,  and  has  always 
consistedi  for  the  most  part  cith«>r  of  the  surfaces  of  the  Nile  and  tbe 
canals,  or  of  lauds  in  the  Delta  and  elsewbere,  whicb  from  various  causes 
bave  become  barren  or  unavailable. 

•*  A  perpetual  struggle  is  carried  on  between  the  desert  and  cultiva- 
tion, lu  many  parts  of  the  Delta  the  desert  has  Invaded  and  mastered 
the  soil/'— MacUreggor,  1B33. 

**  In  the  Faioum,  wJiich  wa*  formerly  the  most  richly  cultivated  part 
of  Egypt,  the  desert  has  made  many  inrciads/* — Ihid. 

**  In  •  "•*  •  places  on  the  wfn^tern  border  of  the  Nile  Vallev,  the  shifting 
sands  of  the  desert  have  encroached  on  the  domain  of  cultivation.*^^ — 

Com.  R«i„  mm,  p,  nm. 

'*  When  the  laud,  as  has  happened  in  Lower  Egypt  and  the  Delta, 
from  the  despotic  appropriation  and  tliriftless  huEibandry  of  *''  *  *  rulers, 
has  become  what  is  calJed  uladUli^  and  gone  to  waste,  light  plows  (such 
m  arc  used  here)  arc  powerless  to  improve  it.  Villages,  for  example, 
often  deprived  of  laborers  to  furnish  recruits  for  foreign  wars,  were  at 
one  time  depopulated  by  the  government,  and  their  lands  exploited  (used 
up)  by  a  sliort-sighted  and  ruinous  system  of  agrtcultui'e,  from  the  effects 
of  which  the  country  still  suflfers.  In  order  to  have  an  uninterrupted 
auecossiou  of  crops,  the  inundation  (of  the  Nile}  was  excluded  by  dykes, 
irrigation  being  supplied  from  the  brackish  water  of  wells.  The  deposit 
of  salt  after  evaijoration,  added  to  that  which  would  be  pushed  to  the 
surface  by  the  upward  filtration  of  the  Nile,  would  soon  convert  a  once 
fruitful  tract  into  a  desert,  where  nothing  would  grow  but  a  rank  crop  of 
>halfa/  a  deep-rooted,  tough  grass,  which,  with  the  ordinary  farming 
implements  of  Egypt,  it  ia  almost  impossible  to  extirpate.     It  has  thus 
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been  considered  an  nnprofltable  undertaking  to  attempt  to  improve  these 
barren  lands,  raised,  as  they  frequently  are,  by  the  deposits  left  by 
former  growths  of  this  pestilent  grass  above  the  level  of  inundation,  and 
from  this  cause  one- half  of  the  Delta  i$  said  to  be  uncultivated,^^ — Ibid. 

This  alone  would  dispose  of  some  two  millions  of  acres. 

"Part  of  the  (barren)  territory  (now  being  reclaimed  by  the  Suez 
Canal  Company)  was  known  in  ancient  times  as  the  fruitful  land  of 
Goshen."— /6td. 

"A  large  part  of  the  land  formerly  cultivated  in  Egypt  is  to-day 
sterile." — Ibid, 

**  In  the  present  cotton  region  the  land  has  become  so  poor  that  now 
only  two  cantars  a  feddan  are  produced  where  five  used  to  be  gathered. 
♦  *  ♦  There  is  plenty  of  land  ;  it  only  wants  moisture  to  make  it  fertile  ; 
and  we  would  like  to  see  a  number  of  irrigating  canals,"  etc. — C.  K., 
1866,  p.  435. 

The  accounts  are  the  same  to  the  present  day. 

The  following  table  shows  the  cultivated  area  at  several  dates,  from 
1812  to  1874  inclusive  : 

Comparative  Statistics  op  Cultivated  Abba  in  Egypt. 


TEAB. 

FKDPARS. 

ACBBS. 

1812 

3,318,736 
1,^56,000 
2,0(K>,000 
3,820,340 
4,290,736 
4,024,221 
4^025,000 

3,332,701 
l.Hir>,onf) 

1833 -    

1835 

:.V«nH.';ikO 

1843 

;i,i34ii,tp:;i 

1868 

4,435,521 

1873 

4,773, 5t<8 

1874 

4,774,3SS 

This  table  shows,  that  from  the  time  of  the  accession  of  Mehemet  All, 
to  the  close  of  the  war  in  Syria,  the  cultivated  area  in  Egypt  rapidly  de- 
clined. It  then  suddenly  increased  until,  in  1843,  it  attained  its  former 
extent  again.  From  that  time  to  this  it  has  slowly  increased.  The 
causes  of  this  extraoriuary  movement  will  appear  when  the  progress  of 
the  population  has  been  examined. 

Population  op  all  Egypt. 
(Excluding  the  Soudan.) 


YEAB. 


ESTIMATED 
POPULATION. 


1862 I     7, 465,000 

1871 1     8,442,000 


AUTHOBITY. 


Dr.  Schnepp. 
Dr.  Wagner. 


mi.} 
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The  Almanac  de  Got  ha  for  187!?  gives  the  population,  at  a  recent  d&te, 
at  8, 000,  mM),  and  appeiu's  to  quote  Mr.  E.  de  Regny,  the  official  statisLician 
of  Egypt,  for  authority. 


POPULATIOK  OF  EofFT  PhQPER. 


TEAR. 

ponrLAnojs. 

AUTHORITY. 

1^12 , 

3,000,000 
2,500,000 
2,000,000 
3,350,000 
4.542,030 
5,125,000 
4,70y,lltj 
4,848,528 
4,888,925 
5,203.405 
5,250,000 

Batlmate. 

1H20..,. 

Worse*B  (taxetteer* 

1833....  , .................... 

MacGreggor. 
iVlin.  de  Botha. 
Centum 

1844 . 

184T,,.. 

im^ 

Ceuiuo. 

ie«3.... 

18M.... 

imi 

1872 

Com»  ReL,  1878* 
Br.  Con.  Ret.,  0-1807. 
Com.  ReL,  1873, 

H              ii              t( 

1873.... 

fi           j«           a 

This  tabla  exhibits  a  decrease  of  jiopulation  from  the  time  of  Mehemet 
All's  aoceasion,  to  the  close  of  the  Hyrian  war,  similar  to  that  shown  with 
regard  to  acres  of  cultivated  area.  It  likewise  showi  the  satne  midden 
growth  immediately  iifberward.  and  even  a  slower  growth  since,  Thewe 
coincidences  are  undonhtedly  doe  to  the  same  eausejs — the  wars  of  Me  > 
liemet  .\li»  partictilarly  those  in  Syria  ;  thti  ahaudonraent  of  the  country 
for  the  de**ert,  in  preference  to  i  participation  in  those  wars  ;  at  id  the  shIk 
sequent  return  of  the  people  from  the  battle-fields  an<l  the  wilderness. 
Says  MacGreggor,  **  Almost  wishout  exception  the  laborers  rantilated 
themselves  by  cutting  oif  tiie  lirst  finger  of  the  right  hand,  destroying  the 
right  eye,  or  pulling  out  the  front  teeth,  in  order  to  avoid  the  cjngerip- 
tion,"  p.  231. 

COMFABISOK  OF  PopULATIOli  ASU  ClTLTrVATED  AHEA. 


If  the  targe  estates  worked  by  the  KhMive  and  his  relatives,  or  the 
nobles  of  his  court,  be  deducted,  there  will  not  remain  in  Egypt  over 
one-half  an  acre  of  arable  land  to  eitch  j>eiiion  ;  iind  even  if  the  land  otd- 
tivated  at  present  were  divided  equally  among  all,  there  would  still  be 
not  over  nine-tenths  of  nn  acre  per  eaiiJta.  To  show  how  comparatively 
small  an  area  this  is,  I  give  the  statti^tlc^  on  this  point  relative  to  the 
countries  with  which  we  are  most  familiar. 
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Relition  op  Cultivated  Lands  to  Population  in  Four  Dipperekt 

Countries. 


Country. 


United  States  (g). 

United  Kingdom . 

France 

Bgypt 


GultlTated  Lands,  in- 
oladinff  pasuire  and 
forest  lands  In  use. 
Acres  per  capita. 


12.7       1 

13  0       I  Average* 

I0.e(h)  f       6.5 

1.5       J 

3.1 

0.9 


The  Uiiited  States  is  an  agricullaral  country,  which  furnishes  other 
countries  with  breadstufifs  out  of  its  own  surplus.  The  United  Kingdom 
is  a  manufacturing  country,  which  has  abandoned  the  policy  of  attempt- 
ing to  raise  its  own  breadstuffs,  and  relies  largely  upon  foreign  supplies. 
The  quantities  of  the  latter — that  is  to  say,  all  breadstuffs  (not  wheat 
alone) — usually  exported  by  the  United  States,  do  not  materially  exceed 
those  usually  imported  by  the  United  Kingdom ;  hence  an  average  of  the 
amount  of  cultivated  land  per  capita  in  the  two  countries  shows  very 
correctly  the  true  amount  needed  to  support  each  head  of  population. 
According  to  the  table  above,  this  average  is  over  6^  acres.  In  France, 
which  imports  breadstuffs  as  often  as  it  exports  them,  and  whose  population 
and  means  of  subsistence  are  running  a  close  race,  the  average  number  of 
acres  to  each  head  of  population  is  over  three.  Imagine  how  small,  then, 
must  be  the  portion  of  an  Egyptian  laborer,  who,  if  even  he  had  a  fair 
share  of  all  the  cultivated  land  in  his  country,  which  is  far  from  being 
the  fact— who,  if  that  land  were  as  productively  tilled  as  are  the  lands  of 
the  other  countries  named,  which,  as  will  be  presently  shown,  is  not  the 
case,  and  who,  if  all  the  food-products  of  that  land  were  kept  at  home 
instead  of  being  shipped  abroad,  as  a  large  portion  of  them  are,  would 
still  possess  but  one-seventh  the  heritage  of  an  American  or  English- 
man, and  but  one-fourth  that  of  a  Frenchman. 

Rural  and  Civic  Population. 

There  are  few  towns  in  Egypt  beside  those  already  specified.  Among 
them  is  Syout,  with  a  population  estimated  in  1874  at  25,000  (Conterop. 
Rev.,  Feb.  1874.)    The  total  civic  population  of  Egypt  is  estimated  at 

{g)  The  lands  classified  in  the  United  States  census  as  '*  improved  fkrm  lands,"  are 
treated  above  as  *' cultivated  lands/*  and  the '' unimproved  farm  lands  "  as  *^  pasture 
and  forest  lands  in  use,"  as  adjuncts  to  agriculture.  *'  No  farm  of  less  than  three  acres, 
not  unless  $500  worth  of  produce  has  been  sold  off  it  during  the  year,"  is  Included  in 
the  United  States  census  returns— a  very  absurd  and  misleading  exception. 

(h)  The  United  States  census  of  1S70  was  the  worst  ever  taken,  and  Is  palpably  defi- 
cient in  almost  every  respect.    The  census  of  IMO  is  much  more  complete  and  reliable. 
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700,000,  or  la  ficr  cent,  of  the  whale^  loaviu^  th«  rtir^l  p^puUtlou  to 
eoDKiJit  of  "4^5U3»40rj,  or  H7  per  cent*  nf  the  wU^iie. 

Occupations. 

TUerc  are  no  maijuf^^tures  in  E|^f pt  eiccept  tltOM  on^i^ed  dnd  manapfed 
by  **%he  ^iivcrftraont/^  or,  in  other  words,  ItmiiU,  son  of  Ibr;iluui>  The 
|*riiicipnl  ont*s  are  the  two  cotton  cloth  rectories  whlcili  suttpty  the  coarse 
white  ciitton  clothing  used  by  the  soldiers,  and  the  blue  stulf  of  eolton 
»iid  wool  worn  by  I  be  peasant  wuineo.  One  of  these  ia  ot  Bnulac,  the 
other  4it  rhoiibiHi  near  Cairo,  Togetber  they  employ  1,4;J8  workmen, 
and  produce  aniiually  f  12*2.!*70  wcirtb  of  cloth  and  #13,740  worth  of  liaeti 
— ftii  uverage  of  ^l*o  per  workman.  There  is  a  nmnn factory  of  tarbo<H^be^s 
(tbet«»re  ibt^  natii»nal  cap)  and  carpets  at  Fueh  ;  a  pnnting  establishment 
at  Houlac  for  Turkish  and  Aitvbian  works,  whkh  eniploys  about  150  work- 
men :  a  paperanili  at  Boulao,  which  employe  Ti^)  workmen,  and  produces 
aantiiUy  350  enntars  of  wrappiiij^,  and  lj6,r>0f)  reams  of  printing,  writing 
and  C'dored  papens ;  two  gun  powder-mills  worked  by  mule-power,  near 
Caii'o  ;  mjveral  large  bakeries  at  Cairo,  which  together  consume  about 
SiXUHHJ  barrels  of  Hour  per  annum  ;  aod  some  other  small  works. 

These,  with  the  fcilt-works  monopoly,  which  turns  out  some  :^ffi)/HrtJ' 
Unshels  of  salt  per  annum  ;  the  lisheriusi,  which  employ  3,TtiO  peisoita  on 
»a]t,  and  about  6,000  on  fi-esh,  water ;  seventeen  short  niilway*  and 
brandies  :  the  telegraphs,  the  Nile  s^team bolts,  and  a  few  navigable 
eaitak^  are  all  the  industrial  worka  in  Egypt,  unless  the  manufaciure  f>f 
native  «ngar  and  ginning  of  native  cotton  are  inoluded  in  the  sain©  «Ate^ 
l^ory.  They  are  all  owned  and  managed  by  the  KbC^ive,  who,  by  ibiis 
engioasing  all  the  brancbea  of  trade,  effeotually  erm^hes  na(  ive,  and  shuts 
ont  t\»reiea,  capital  and  enlerprise,  Mebemet  Ali  made  strenuous  effbr is 
to  become  a  cotton  manufacturer^  and  at  one  time  had  44  factories  and 
30,imO  ojierativcs!,  consuming  annually  30,000  cantars  of  cotton,  at  work  : 
b\ii  the  ent-er prise  was  abandoned. 

A  considerable  portion  of  the  persons  employed  in  the  present  industrial 
works  in   Egypt  are   foreigners;  even  the  Hsheries,   employing  many 
Maltese,  Greeks  and  Italians*     The  ntimber  of  those  employed  in  agri- f 
culture*  including  their  fHrniUes,  is  e^fti mated  at  4,400,000^  or  about  B^\ 
per  cent,  of  the  whole  population — a  number  and  proportion  nearly  ident- 
ical with  those  of  the  entire  itiral  population. 

Size  of  Fabm&* 

i^lie  Viceroy,  or  lCh«*dlve,  and  bis  family  cultivate  one-fourth  of  all  ibe 

We  land.     A  farm  of  the  late  El  Hami  Pasha  consisted  of  110,868  acres, 

r of  which  13,344  were  let.     There  are  other  large  estates.    The  holdings 

ftmong  the  feltahdeeti,  or  peasauiry,  range  from  one- eighth  of  an  acre  to 

one  acre  in  sis&e. 

Land  TEi^uREji, 

Tbeoretically,  all  lands  were  held  of  Bod  by  the  8ultan  of  Turkey.  In 
Bgfpt  the  Viceroy  stood  in  place  of  tbe  Sultan,  and  had  power  to  grant 

A.    P.   8.— VOU    XIV,   2e 
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tenapciee  In  (ee,  Ohia^tc^  for  life  or  a  term  of  jeais^  tnetayersbips  a»d 
otber  teoures  pxccpt  to  tlie  mosqueKi  wbicti  held  directly  from  tbe  SulttJ^ 

But  Melie»iei^  All  »inf  pliQud  nil  tkin  by  seizlni;  tbt?  lands  of  tbe  mo&iiit^H^ 
conliacatiug  all  the  private  titles,  and  apprupriatiug  the  entiie  liind  luid 
its  people  to  bU  own  usa*  Certuin  nobles  and  forei^jn  ttdventiuers  bave 
HiuQ«  been  allowed  to  obiulu  doubtful  tenures  of  the  Und,  tb©  basis  of 
which  ifl,  however,  iq  all  caaes^  the  Kbddive's  wili  Tbe  portions  not 
managed  directly  by  the  latter  and  It  is  bene  fie  iJiries  hve  cultivated  by  the 
wretched  fuUalideen,  and  held,  properly  6j^>eaking,  by  no  tenure  except 
that  which  naturally  attaeheB  HfiQlf  to  conipulaory  fieivice. 

Tbe  Turkish  laws  of  Buccesaiou,  designed  by  Mahmoud  11.  and  Abd-el- 
Mejeed  to  put  an  end  to  the  great  feudatories  which  esisted  m  llh'ir  daya, 
iuijHjiatJvely  command  equal  subdivision  of  land  among  tbe  heirs  of  the 
first  diii^^reo  in  descending  or  ascending  line,  male  and  female  alike  :  fail- 
ing these,  in  aoUateral  line,  etc.  Entails  were  abollslied  ;  transfers  of 
real  estate  were  to  bo  made  by  entry  at  a  public  registry,  and  the  trana^ 
aetioD  heavily  taxed  ;  private  deeds  between  the  parties  were  not  to  be 
reeognissed.  How  fur  these  I'egulations  have  been  applied  in  Egypt  jt 
wuuld  be  dliiicult  to  say* 

SYj^rKM    OF    CULTLRE. 

Tlie  system  of  culture  hardly  deserves  the  name,  and  simply  consists  of 
waiting  upon  the  annual  overtlnw  of  the  Nile  to  Jill  the  irrigating  canal'-j 
4ind  when  he  rivei  hassubtsidedf  of  maintaining  the  level  of  the  canals 
and  reservoirs  by  pumping,  baling  and  ladling.  Thii*  last-named  work 
and  **  the  digging  of  fi^sh  canal*  engross  the  labor  of  the  pt-oplo  for 
moutliB,"  writes  tbe  Britisli  cliusuI,  Mr.  Slanleyt  in  1873*  Without  this 
inQessant  struggle  with  nature^  the  lauds  would  become  unanllivMl>le>  and 
even  with  it  the  result  i*  doubtful ;  for  if  the  next  oveiilow  of  the  rivt*r 
exceedjs  tbiity  feet  in  height^  everything  on  tbe  Itind  is  dcnioUi^bed  and 
swept  away  ;  while  if  it  falls  short  of  eighteen  feet,  the  harvests  fiul  and 
fiimino  ensues.  Of  the?  00  iimndalions  between  lT:i>  and  It^fU.  H,  or  17 
per  cent,  were  high  aiui  devastating  ;  10*  or  24  i*er  cent,,  wert»  feeble  ;  9» 
or  H  p^r  cent.T  were  lusufhciei^t :  and  only  IIO,  or  4r*  per  cent>»  were  go<«l, 
J  The  chances^  then,  appear  to  be  about  eveu^  as  to  wIj  ether,  after  all  bis 
*  labor^  the  Egyptian  gets  a  harvest  or  not.  8 neb  a  siystem  does  not  luUnit 
of  fallows,  roUition  or  manuring.  The  irriii^ating  canals  or  resprvoirs  of 
tire  large  estates  are  supplied  with  water  from  the  river  by  steam  powur, 
the  coal  being  imported  from  England  ;  but  for  the  most  part  tUU  work, 
and  tbe  digging  and  dredging  of  tbe  canals,  ditches  and  reserviurs,  are 
dune  by  band,  and  with  the  mdest  impb^mentit. 

^mc times  two,  tbree  and  even  four  ihatUufjt  or  baling  machines  arc 
plAoed  close  to  each  other  and  employed  to  faise  tbe  water  by  the  ]utcber- 
ful  at  a  tiate^  to  as  many  reservoii*iat  diflerent  elevations,  until  it  reaches 
tbe  highest.  Eaeb  Bhudottf  vf^^im^s  two  men  to  work  iU  *'  Dnrluw  many 
months  of  tbe  year  the  whole  Arab  population  apj>ears  to  be  engsm^d  m 
bringing  water  from  the  Nile  to  tbe  a<yacent  lleldi.*^ — ^klaeOreggor* 
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Tha  totil  numbfii'  and  kinds*  of  maohUieii  now  in  ufl«  foi  the  purpows  of 
iirlgAtioo  will  be  sbowu  ryrlhor  oti. 

Tile  Nile  fiauaily  rises  late  in  ^iay.  Id  August  it  reaclies  sucli  a  height 
tliat  tlie  cj.nab  uro  opened,  I  he  entire  vjiUey  ia  soaked  and  the  reservotrn 
are  filled  wir.L  mutmr.  It  contiuueft  to  riat*  until  October,  and  then  falU  so 
mpldlf  that,  in  some  parts,  pumping  and  Imling  eomnience  in  Noverntier 
or  Pecember ;  though,  in  others,  not  until  February,  when  they  continue 
until  May  or  Juno. 

FEtlTtI.lZKXL6. 

As  a  general  thing  no  fertiltzers  are  employed;  the  deposits  of  mud  left 
hf  the  river  during  itft  overdow  being  the  main  dependence  of  the  hun* 
bandman  in  this  respect.  An  analysis  of  this^  mud  giTes  the  following 
results  :  si  Ilea  5:104  ;  aesquioKide  of  iron  lS.4a  ;  se&quioxide  of  alnmiiiA 
S.76 ;  carboaate  of  lime  4 10  ;  sulphate  of  lime  0,73  ;  lime  *3.2r» ;  magneftlci 
ilM  ;  potasj^a  0.09  ;  soda  2A&  ;  chloride  of  sodium  (K04  ;  organic  matter 
0.03 ;  total  100  jier  cent.  Owing  to  the  extreme  scarcity  of  tre««  and  en- 
tire absentee  vt  coal,  Tuel,  for  all  purposes,  is  exceedingly  dear*  For  tbi^ 
reason  minimal  manure,  and  during  the  cotton  excitement  1 862-1 867^  even 
cottiin-»eed»  the  price  of  which  had  at  former  periods  exceeded  tjiat  of 
wheat,  wei-e  used  for  fuel  j  and  the  fi^rmer  continue s  to  be  thus  employed 
yet,  CotUm-aeed,  however,  degeutsrates  so  rapidly  in  Egypt  that,  except 
for  thiH  pur|>ose,  or  the  superior  one&  of  extracting  oil  from  it  or  using  it 
for^jatth  fitdier,  It  po^eases  little  v^alue  there,  un)ei»H  it  is  freshly  im< 
ported  from  other  countries.  The  Khi^dire  has  promise] d  a  large  pecu* 
niary  reward  and  the  title  of  Bey  to  whomsoever  ahall  discover  pitying 
depoi^its  of  eoal  in  Egypt. 

t>n  the  sugiir  e.^tates  the  culture  exhauata  the  earth  so  rapidly  that 
pigeon-guano  is  largely  used  to  enrich  it;  about  half  a  ton  being  em- 
ployed to  the  acre  of  land.  In  oi-der  to  obtain  this  fortiliKer  the  keeping 
of  a  ilo<!k  of  pigeons  is  part  of  the  felhih^s  duties  to  the  slate.  The  birds 
are  simply  provided  with  the  shelter  of  a  mud-cobe  and  left  at  liberty  fco 
provide  tlicir  own  sustenance.  Thi?,  of  ctjurae,  is  derived,  one  way  or 
another,  from  the  fellah*8  corn-field,  and  In  this  way  the  hinls  oonstitate 
an  additional  agency  of  taxatinu  upon  the  wretched  peasant*  Ah*>iat  *M1^^ 
000  tons  of  this  guano  are  now  annually  produced  in  Egypt. 

In  j untitle  to  the  Egyptian  system  of  agriculture,  it  sliould  l>e  sta*ed 
that  the r«  M  a  certain  rotation  of  crops  observed,  but  unlike  .^ny  other 
system  known,  except  tliat  *>f  the  despotic  President  Loi>ez,  who  runs  a 
government  in  South  America  which  is  somewhat  iroorcally  stykd  the 
*' republic"  of  Paraguay,  the  order  of  tliat  rotation  is  governed  altogether 
by  the  will  or  caprice  of  the  Kht'divo.  Rice  and  maize  used  to  be  largely 
cultivated  in  Egypt ;  but  the  goveroment  ordered  wheat  to  be  planted  in 
their  stead  and  the  latter  became  the  principal  exporting  crop.  It  wa« 
grown  one  year  after  another,  until  nature  gave  out  and  the  grain  grew 
so  poor  that  it  could  scai-celj  find  a  market.    That  exported  to  England 
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was  used  only  in  the  distiiieiies.  The  American  war  occurring  at  this 
juncture,  the  government  prohibited  the  cultivation  of  wheat  and 
nominated  cotton  in  its  place.  The  culture  of  this  staple  was  pursued 
until  the  fall  of  prices  occurred  after  the  war,  when  it  was  superseded 
in  turn  by  sugar,  which  is  the  present  favorite.  The  exports  from  Alex- 
andria, the  shipping  port  of  the  country,  which  will  be  given  further  on, 
will  furnish  a  close  guide  to  the  fluctuations  in  the  product  of  these  arti- 
cles, occasioned  by  this  capricious,  ridnous,  and  sometimes  mortal  policy. 

Seeding. 

The  seed  is  thrown  broadcast,  the  use  of  the  drill  being  wholly  un- 
known. About  3^  bushels  of  wheat  are  sown  to  the  acre,  the  produce  be- 
ing 11^  bushels,  or  scarcely  more  than  3  for  1.  Even  ploughing  was  for. 
merly  dispensed  with  in  many  parts,  the  seed  being  thrown  upon  the  mud 
left  by  the  receding  river,  and  domestic  animals  turned  loose  to  trample 
in  the  grain.  This  and  other  wretched  features  of  Egyptian  agriculture 
are  giving  way  before  better  methods.  The  cotton  and  sugar-cane  which 
now  constitute  the  chief  products  of  the  country,  are  cultivated  mainly 
by  the  large  proprietors  and  sown,  or  planted,  as  in  the  United  States. 

Domestic  Animals. 

Previous  to  the  cattle  disease  in  1868  and  1864  which  destroyed  in  a 
single  year  800,000  head  of  horned  cattle,  and,  in  Lower  Egypt,  nearly 
every  other  animal  also,  and  which,  together  with  the  cotton  mania  of 
that  period,  contributed  to  occasion  the  famine  of  1865,  the  number  of 
domestic  animals  must  have  exceeded  one  million.  At  the  present  time 
it  barely  amounts  to  two-thirds  of  that  number,  as  follows  : 

Homed  cattle  (including  buffaloes,  the  main  dependence  of  the 

peasant  for  the  work  of  the  farm) 292,100 

Horses 18,203 

Mules 2,105 

Asses 94,641 

Camels 35,578 

Sheep 172, 657 

Goats 28,907 

Total 689,191 

These  numbers  do  not  include  the  animals  in  Alexandria  and  Cairo. 
During  the  year  1872  there  were  imported  at  Alexandria  14,185  head  of 
cattle  and  200,087  sheep,  chiefly  for  slaughter. 

In  1871  the  average  prices  of  71,400  animals  sold  at  the  fairs  of  Tantah 
in  the  Delta,  were  reported  by  the  American  consul  as  follows :  Cattle 
$200  each ;  buffaloes  $175 ;  camels  $200 ;  horses  $100  ;  asses  $25  ;  and 
sheep  $6.25.  (Doubtful.) 
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In  commoa  with  mxnj  European  and  all  Otiental  countries,  womea  b 
Eijypt  ar^  employed  in  field  labor*  The  foUowinrtr  were  the  [jnces  of  Ubor 
current  at  four  different  epocbs.  Men's  wages  per  dbni  &re alfFmyi^  moatit 
unless  other  wise  speciJled. 

Ymr  1837, 

WUM  i«K^».»  I  L(*wer  Egypt  #0.t>2  J  @  .05 

Field  laborew... '^Upper      -         O^l  g  .03? 

Bay«  and  girls,  flug^r  planUtiou.. 01|  {m  M 

Ymr  1341. 

Laborers,  at  Cairo,  average .,«,  ^ *05 

Keepers^  or  gau^-Ieadem.  ..*..... .10 

Ttar  \%m. 
Night  operative  in  Ci»tton-f;in  at  M ^nsurah,. .  .......*..,... 

DAy  operative,  same  work»  buy  or  girl *.,,... ,  ,13 

Liiboner  on  Suez  Civual , , , .20 

TtiU  wag  ihe  period  of  the  ojtton  znaum,  TU«  Amerleac  consul,  writ- 
ing at  the  timej  saidt   ^^  within  a  jear  waj^es  have  been  doubled/' 

In  1  Sfj  J  the  Americau  consul  repcirted  tliat  there  Had  been  an  important 
riae  in  wiiges  in  late  years,  mainly  due  to  the  redundance  of  sped e  caused 
by  the  higli  prices  at  wUicU  cMJtton  sold. 

In  18(17  the  Brltiiib  eoui^ul  reported  that  *' wages  and  laud  bad  quad- 
ruple cl/* 

Betwt^en  thii  period  and  1373  there  seems  to  have  been  a  fall  in  wagea. 

Tmr  18T3. 

I  Lower  Egypt, 
Field  laborers .,•*•.. .*..,]  Middle      ^-^ 

(upper       ** 
Unskilled  operatives  in  factories  and  at  salt  works,  ai-cord- 
ing  to  age  and  ability,  Kic,  @  lOc,  par  diem,  average,.... 
Mechanics,  such  as  ntJiftons,  carp<2Utei'S,  blacksmiths,  etc., 

without  board  or  i^tion.* .   .,.,,,..,,... .00  @  l.OlJ 

Tbe  Amerii^an  consul  reported  in  1KT3  that  wages  appear  to  have  de- 
eiined  ainot^  the  cotton  mania,  but  that  they  are  said  to  be  now  lining 
again. 

Efficiejicy  or  LJinaR, 

Au  Egyptian  laborer  is  considered  to  have  done  a  good  day^'s  work  < 
when  b*2  picks  15  to  IB  pounds  of  cotton.  The  American  negro  slaves 
usually  picked  50  pound*  in  the  same  time.  An  Egyptian  with  the  aid  of 
a  »hti4lf>itf  (pole  and  jar,  or  bucket)  can  raise  for  irrigating  purposes  an 
average  of  about  seven  gallous  of  water  per  minute;  an  Aniericiin  with 
an  improved  hand  pump  can  raise  KM)  gaUons  per  minute,  or  14  times  i 
much.  The  constant  use  of  the  stick  and  bastinatlo  is  necessary  to  keep  * 
at  work  the  fellahdeen  on  tlie  Kbcdive's  estates  (C,  B,  1371  >«     This  fact 
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may,  however,  be  due  to  other  reasons  than  mere  physical  infirmity.  The 
immediate  labor  of  about  15  persons  out  of  every  100  in  the  United  States 
produces  more  than  enough  food  for  all ;  whereas  in  Egypt  the  same  result 
calls  for4he  immediate  labor  of  at  least  three  times  as  many  persons ; 
while  the  result  itseif  is  greatly  inferior  in  quantity,  quality  and  variety. 

That  this  great  comparative  inefficiency  of  Egyptian  labor  is  due  less 
t^  natural  inaptitude  than  to  poor  food,  rude  implements  and  other  cir- 
cumstances over  which  he  has  no  control,  is  manifest  from  the  recorded 
observations  of  very  intelligent  persons. 

Says  MacGreggor,  writing  of  Egypt,  **The  Arabs,  if  brought  young  to 
the  cotton  factories  are  of  quick  intellect  and  easily  learn  any  branch  of 
the  trade/'    ♦        ♦        ♦     "They  show  considerable  dexterity." 

Says  Dr.  Ruppel :  ''The  young  Egyptians  show  great  skill  and  often 
surpass  their  masters  in  cleverness." 

Taxation. 

The  tax  system  of  Egypt  is  contrived  to  keep  its  unhappy  people  pre- 
cisely at  the  point  where  it  is  a  matter  of  the  utmost  unconcern  to  them 
whether  they  live  or  die.  It  is  impossible  to  ascertain  what  this  burden 
amounts  to  in  money,  but  substantially,  it  depnves  the  population  of  all 
the  fruits  of  their  industry,  leaving  them  but  a  bare  and  most  wretched 
subsistence,  without  lands,  homes,  clothing,  security,  justice,  or  education 
— and,  but  for  dates  and  dourra,  even  without  food.  The  peasant's  home 
is  far  less  comfortable  than  that  of  some  wild  animals — for  instance,  the 
beaver.  It  is  of  the  same  character  as  the  latter — a  mud  hut — and  teems 
with  vermin.  Great  numbers  of  the  people  live  in  the  ancient  tombs, 
with  darkness  and  the  bats.— Stephens'  Travels  1837.  The  dress  of  the 
people  hereabouts  (at  the  First  Cataract,  the  confines  of  Eg^pt  proper  and 
Nubia)  consists  of  a  piece  of  leather  about  six  inches  wide,  cut  in  strings 
and  tied  about  their  loins.  I  bought  one  from  a  young  girl  of  16,  whose 
sweet  mild  face  and  exquisitely  charming  figure  the  finest  lady  might 
have  envied.— /6irf. 

Men  are  seized  in  the  streets,  the  bazaars,  anywhere,  ''the  iron  bands 
put  around  their  wrists,  the  iron  collars  around  their  necks,"  and  forced 
to  work  for  the  Pasha. — Fbid, 

"  People  are  taken  away  in  gangs  from  their  own  ground  to  do  work 
for  powerful  land-owners,  which  in  no  wise  benefits  their  districts." 
— British  Consul  Stanley,  1873.  *'A  man  was  convicted  of  stealing  an 
amber  mouth-piece  from  Abbas  Agga.  His  punishment  was  to  be  bound 
to  a  cannon  and  blown  to  atoms.  The  same  official  pressed  600  fellahs 
into  his  service  to  dig  him  a  canal ;  made  them  work  12  hours  a  day ; 
lashed  them  unmercifully,  and  did  not  pay  them  a  single  para."— Dr. 
Holroyd's  Travels,  1837.  The  Koran  is  the  only  book  in  the  land  and 
that  it  is  considered  Hacrilegious  to  print.  Those  few  who  can  read  and 
write  are  called  fickees  or  saints. — Ibid,  The  people  are  strictly  temper- 
ate, exceedingly  docile  and  naturally  intelligent. 
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In  1837  the  miri  or  laud  tax  was  from  f  1.75  per  feddiMi  per  aiiTiiim  on 
oniinary  lands,  ^o  #5  oa  *ugar  lands.  It  is  at  preeent^  les74,  about  ^  per 
feddan  on  it]l  laridfl.  Beside  thi«.  there  is  a  poll  tax ;  a  tax  on  date  tiieeg, 
which,  iL^eUt^uhere  explaiDed^  is  eqviivjUeot  to  an  additiaual  j^ll  tifc% ; 
OQtroi  lascK  f*n  the  principal  ttrticJe*  of  consumptioa  ;  tolla  to  siij>port  the 
irrigatifju  cuiuits :  taitcH  <>»  the  fUherieJi  iriiti-iLjird) ;  on  ma^l ;  on  the  can- 
earn  ptiou  of  wheat  (^1)  and  buriey,  hoans',  Indian  corn,  and  pulse  (75 
cents  i^er  bushel  m  18:17)  ;  imi>ijrt  aud  4?xp<>rt  dutitii;  monopoliiJitiou  of 
all  tlio  hranches  at  iticiiistry  by  the  governnient  ;  forced  service;  dubase- 
niem  of  the  copper  coinage  and  every  other  device  of  a  vicioua  and  niei- 
cile^s  liaanoe.  Beside  these,  there  are  dues  to  the  mosques  and  various 
lo^I  exactions, 

Tlie  total  revenues  of  the  Viceri>yiilty  in  liSl  were  about  |5,iHK),000  j 
in  1833  about  |12,500,<K)0  ;  in  IR-iO  about  |a4J,1)U0/)f)n  ;  in  I8T3  about  |:J6,- 
500,000.  Thia  laiit  ^um  is  equivaleut  to  10  cents  per  day  for  every  fam- 
ily m  ilio  country,  or  the  whole  value  of  the  laboi  of  every  father,  or  head 
of  fdrrnlly.  The  same  rate  of  taxation^ that  ib^  the  whole  value  of  one 
man's  labor  exacted  from  fach  family  in  the  laud^ — were  it  possible  in  the 
Cnited  Stales,  would  amount  to  8,0(H1  million  dollars  r>er  annum,  or  four 
tiiueiS  the  whole  sum  of  tbe  national  debt.  But  thauk  God,  h  iMnH  pos- 
sible* 

The  taxes  are  raised  in  Egypt  through  a  8Mk-4i-Mkd  or  bead  of  village 
commune,  chosen  by  tbe  people  and  against  his  will,  for  although  aimed 
with  arbitrary  power,  sboiild  ho  fail  to  collect  the  lieavy  tribute,  his  life 
is  generally  forfeltod.  The  government  sends  him  in  chains  to  the  South- 
ern frontier  and  be  is  seldom  heard  of  again. 

IntekesTp 

The  Mahometan  law,  like  the  canon  law  of  Christiamt  j  and  the  ancient 

Jewisvh  law,  forbids  the  taking  of  interest ;  but  like  those  hiwH,  it  has 
fallen  into  disuse  in  this  respeet.  In  1837  the  Viceroy  allowed  (i  percent. 
for  advances  to  him  from  European  bouses.— MftcG re ^gor.  At  the  same 
time  the  market  rat©  for  money  among  mercantile  houses  in  Egypt  was 
V)  to  18  per  t^ent.  per  annum*  At  the  present  time  the  rati?  of  intert^st 
ranges  between  tO  per  cent,  on  the  most  desirable  class  of  g-  vemnient 
BteitTltiea,  to  00  and  even  100  per  cent  per  annum  on  fair  conuncrdal 
risks.  These  exeesRi^e  rates  appear  to  result  less  from  high  profits  than 
great  insecurity  and  tbt*  lack  of  a  basis  of  individual  ri^bt  ft>r  an  ailmin- 
Istt-ation  <if  juHtice.  Tbe  prevailin*?  iuiecurity  is  susceptibk'  i*f  being  il- 
lustrated by  four  striking  examples,  lat.  The  tenure  of  lauds  is  merely 
the  will  of  the  Vice  my.  2d,  In  ISfUi  the  Viceroy  iuforinetl  the  European 
resident  creditors  of  the  rural  population  that,  to  future,  it  would  bs  use- 
less ftjr  them  to  chiim  againat  tbe  natives.^ Br.  Cons.  Rep.  6-1807,  p. 
2M*  3d.  In  1864,  though  gold  was  iit  th:it  time  pouring  into  the  country 
to  pay  for  cotton,  si>  overwhelming  was  the  general  instinct  to  boaril  and 
bury  money,  that  little  or  none  of  it  remained  in  circulation.     **fJn  one 
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occasion,  when  the  French  packet  from  Marseilles  arrived  in  the  after- 
noon with  seven  millions  of  francs  in  specie,  I  was  informed  by  the  agent 
of  the  company,  the  same  evening,  that  he  had  reason  to  believe  that  not 
a  single  coin  of  the  whole  amount  had  remained  in  Alexandria.  It  had 
been  taken  to  the  villages  where  it  is  generally  buried  in  the  earth.'* — 
Com.  Rel.  I860,  p.  Ai4t,  4th.  The  monopolies.  In  1864,  during  the  high 
piice  of  cotton,  the  Viceroy  refused  permission  for  the  cotton  of  other 
cultivators  to  be  brought  to  market  until  his  own  was  firet  shipped.— iftid. 
In  1865  and  1866,  though  there  was  a  famine  in  Egypt,  com  fetched  a 
higher  price  at  Jidda,  in  the  Hedjaz,  a  province  of  Arabia  on  the  Eastern 
coast  of  the  Red  Sea.  The  merchants,  who  hastened  to  ship  corn  to  Jid- 
da, were  stopped  by  the  Viceroy ;  who,  disregarding  the  famished  con- 
dition of  his  own  people,  hastened  to  sell  his  corn  to  the  Arabians  and 
obtain  the  higher  prices  which  necessity  compelled  them  to  oflfer. — Br.  C. 
R.  6-1867,  p.  134. 

The  following  quotations  exhibit  the  rates  of  interest  current  in  Egypt 
of  late  years. 

1863.  Three  to  five,  and  even  seven,  per  cent,  a  month  was  paid  by 
fellahs  to  the  Levantine  traders  who  lent  them  money  wherewith  to  pay 
their  taxes.  Same  year,  five  to  ten  per  cent,  a  month  was  paid  on  good 
security.— C.  R.,  1803. 

18G4.  **  Minimum  rate,  ten  per  cent,  per  annum.  Two  and  three  per 
cent,  a  month  often  paid  by  parties  of  the  first  position  for  temporary 
loans."— C.  R.,  1864  and  1865. 

1872.  Seven  to  ten  per  cent,  per  annum  on  government  securities. — M. 
S.,  1872. 

AORICULTUBAI.   IMPLEMENTS. 

On  the  estates  of  the  Khedive  and  other  large  planters,  modern  imple- 
ments ar  J  in  use  ;  but  the  natives  appear  to  be  so  ill-fed  as  to  lack  the 
physical  strength  and  skill  to  wield  them.  Hence  their  reluctance  to  work 
on  these  estates,  and  the  cruel  practice  of  forcing  them  by  blows  ;  for,  as 
thiugs  go,  the  Khedive  pays  them  well.  (C.  R.,  1871.)  In  1862-3  the 
Khedive  employed  steam  irrigatiog  machinery  in  Upper  Egypt.  At  the 
same  time  there  were  in  operation  eighty  steam  cotton-gins ;  steam 
pumps  were  used  by  other  large  proprietors,  and  steam  plows  were  tried 
on  the  ban-en  **  halfa  "  lands  of  the  Delta.  (C.  R.,  1863.)  Since  that  time, 
other  improved  implements  have  come  into  use  on  the  same  class  of 
estates  ;  but  \he  peasants  continue  to  employ  the  antique  and  inefiicient 
implements  c  immon  to  the  Orient  from  the  mobt  ancient  times,  the  causes 
for  this  preference  being  poverty,  physical  infirmity  and,  above  all,  polit- 
ical insecurity.  These  implements  consist  of  the  plow,  which  is  merely  a 
crooked  slick,  sometimes  barbed  with  iron  ;  the  mattock,  the  hoe,  the 
spade,  the  dulab  or  hand-gin  for  cotton,  and  the  sakye  or  sakiUf  the 
ehadovf  or  shadouf,  and  the  tabout,  for  irrigating  purposes.  The  sakffe 
is  a  horizontal  wooden  cog-wheel,  turned  by  oxen  and  working  into  the 
perimeter  of  a  vertical  wooden  cog-wheel,  which,  in  revolving,  elevates 


an  ettdless  rapt?  obAio,  to  which  &re  sitiiicbed  earthen  jars*     FUll0|(  with 
waiter  at  the  bottom  of  the  weU  or  shmft,  the&e  Jan  empty  ihetnsclveB  at 

the  U>p  ii&  they  h«^iu  ta  de^oend. 

The  shad&nf  U  nil  u  plight  fovked  pok  in  which  titrua  ft  beam  with  a 
bucket  or  jar  at  ono  eiid  ami  »  lit  tup  of  mad  to  balance  it  &t  tho  uthtT. 

The  /tiAwi/l  U  a  basket,  to  bu  haudlud  by  two  men,  and  only  u^ii  w  ben 
tl*»  water  ia  to  be  raiseil  byt  a  few  f^t.  The  number  of  the  villous  im- 
pktaonis  u^ed  for  irngating  purposes  in  1873  WSA  vi&  fuUows : 

Bteani-puinpfi.. . ,  ^ * *-. .        47d 

Sakyesfii    ;.. .,. 30,Gtt4 

Shadours , 70,508 

Tabtmta.,.. ..* (S,H25 

ioT,yi*4 

CsitKV   AnXICLBS   OP   NATlO^fAL    DjBT* 

l>mtmm  and  doiirra  constitute  Ihe  chief  dietary  of  Egypt.  It  ts  »  re- 
nrErkablc  fact  that  the  number  of  date4ree»  under  cnltivation  Itas  p?ner- 
ally  eoiticided  with  the  number  of  inhabitauts  and  the  number  of  aeres  of 
cultivated  huids.  The  causes  of  tlji»  c^?rrcsp  >ndeiice  with  ieferenee  t»*  tlus 
number  of  date-trees  are  doubtless  tbt?Ci>uicidence  of  their  [>eriLHlof  bear* 
ing  with  the  ordinary  dunvtion  of  a  man ^8  lifie,  and  their  yield  of  fruit 
with  the  capucily  of  man  to  consume  it^  which  for  each  tree  and  each 
WMU  is  alike  one  pound  a  day.  Thefve  ciroum stances  combine  to  render 
the  tax,  (duw  yielding  aboiit  $700,000  per  atmum)  which  is  jilaet^d  upoo 
clate-trceflf  realty  a  Uix  on  polls,  of  both  £exea  and  nil  agv^,  amounting  tt> 
about  14  eentn  per  capita. 

There  are  now  about  5  million  date-palm  treett  in  Kgypt.  The  trees 
are  raided  by  shoobs  arrive  at  their  vigor  in  ab>ut  W  years,  and  con- 
tinue fto  for  seventy  years  afterward,  bearing  yearly  fifteen  or  twenty 
clusters  of  dates,  each  of  thom  weighing  fifteen  or  twenty  pounds.  After 
this  [>eriod  they  begin  to  decline.  Upwards  of  20O  tree*  are  sonietimeB 
pUrtled  on  a  single  acre  (Buckle^  !,  01).  Wilkinson,  from  whom  Buckle 
(J noted,  said  4(i0  to  a  feddau.  Accepting  the  lower  number  as  nearer  the 
truth,  it  would  fnUow  that  '^'^OOCJ  acres  of  land  are  devoted  to  the  growth 
of  date-palm 54  in  Egypt.  Tiie  average  annual  yield  in  1873  waa  four 
caiitai's  of  dates  to  each  tree  (C*  R„  1HT3,  p,  HMS).  This  wonid  make 
the  aggro JtiiU*  yield  about  20  million  cantarji?.  All  but  !iO  thousand  cantare, 
or  one-sixth  of  f:int  per  cent, ^  which  is  the  amount  annually  exported,  are 
consumed  in  the  country.    Dates  are  not  used  for  human  food  alonCf  but 

(i  Tiictiumhflr  til  tattfrt  in  utf;  tn  t^  ti as  nittmHted  nt  t*o,0m,  egatiog ^^V^  mlllloQ 
dullftrt  a  3r«*r  to  nurK  tUeui^tbo  power entplay oil  on  cfl^-h  iiiAcUlttfitii^nif  tliatof  two  c*lllo 
wTiitc^iicv  miiti  \iX  R  ,  ^^^\  |L  uCyi),  la  i§l1T,  for  wane  of  pnml:n|f'bt»dliiorknivcii^tb«fe]lAli« 
•to«n  cnjci;c«d  In  i^ulTKnilDg  i!»r»Hnn  In  Up|t«r  Ei^rypt,  broke  off  ttie  bmDchcdi  Inei^ad  af 
cottlntf  Hii'ia ;  wliUw  for  «*nt  of  » itroFJ",  the  bale  of  euttoo  WAI  pintknU  with  tliu  foot 
t  i^ii«"fri:*|^gor>.  Tlii!  ulissticQ  i^f  fut  (Nimmui]  uii  ItiJirnoient  u  a  kiiJf«  !■  dae  to  th«  fict 
tbMt  ib>5  K*>*<^>iiim«ut  jtrMblbltF  tho  tieurlng  of  arm«  bj  tb«p«pulae«.  ThopradeDOV  uf 
tbli  prucnutUm  I  ft  i;^ Mtincoil  hf  the  rHlLuwlnf?  extract  from  Stophona  i  *^  Speaking  uf  Ihe 
K«Tk«rtt]  jM'vi'Tty  of  tho  Afjiha,  the  5htitk  mil  thiit  tron«'r4mribortheii]owji&i|  a  snatket, 
ua«  fibtirtfe  it!  |>owiJer  itod  add  ballH  before  iiiorelAf  llier«  woal4  not  b«  a  Tart  in  Egypt.** 
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am  also  fed  to  horoei|  MWiy  isaiiiieli,  slieepr  fowls  %nd  dogs,  the  animali 

con^umlDg  all  Uli  ftbcMrtfve  IValt^  and  eveu  tbe  date -stones,  «ben  softened 
in  water  and  i^routtd  up,  the  latter  being  aften  cullected  tor  tho  pui-pca© 
by  incljgent  persatiAp  The  young  shoots  of  the  divt€*piilms  are  used  aa  » 
delicate  v^egetable^  resembling  asparagus  ;  the  leave**  afford  coiielies, 
baskets,  hags,  mntw,  brushes,  etc,  ;  the  trunk  aftords  wood  for  fences, 
fuelf  etCt  ;  the  fibrous  part,  cordage  and  thread  ;  the  pith,  starch ;  and 
the  sap,  a  fermouted  liquor. 

Donrra  {Jjt  iud Ian-corn,  bk^  turc,  millet,  soighum  {S,  tfilt/ari)^  or  Guinea 
corn— for  it  is  known  by  all  these  names—ifl  a  species  of  hott*ui  i  allied  to 
broom-corn,  etc),  and  the  principal  grain  of  Eg^ypt  next  after  wheat- 
Tarietiea  of  this  grain  are  grown  in  A^friea  and  Asia,  and  it  has  been 
tried  in  Pennsylvania,  Massac hn setts,  California  and  elsewhere  in  the 
United  Statea,  for  us©  as  cattle-fodder,  but  abandoned  (except  in  Cali- 
fornia, where  its  cultivation  was  only  begun  a  few  years  ago)  in  favor  of 
oats  or  barley.  Nejtt  to  dutes,  it  forms  the  staple  food  of  the  Eiryptian 
peasant,  and  in  Upper  Egypt  and  Nubia  particularly.  Indeed^  in  Nubia 
it  is  used  for  the  purpOfWH  of  currency.  Wishing  to  prove  the  proliHcacy 
of  dourra,  and  quotin^,^  HamUton^s  EffypHnciP,  Buckle  says  (voL  1,  p*  02 J 
that  ''  it  yields  to  the  laborer  a  return  of  240  for  L*^  It  is  ]>oasible  that 
a  single  grain  will  yield  a  plant  bearing  340  grains  ;  but  this  degree  of 
prolilicacy  is  exceeded  by  maize  and  many  other  cereals.  Therefore* 
taikeu  by  Itfelf,  this  fact  means  nothing.  But  if  Hamiltoti  meant  that  the 
average  yield  of  large  areas  sown  in  dourra  is  240  for  1,  which  is  what 
Buokle  took  it  to  mean,  this  statement  is  as  wild  as  hiH  other*  that  an 
ardob  i^  10  bushels  Nor  does  it  signify.  In  this  connm!tiop>  that,  to  quote 
anotlier  author  (Appleton's  Encyc*  Art,  Millet}  a  bushel  of  milltJt  has 
been  grown  on  six  square  rods  of  Isind,  which  is  equal  to  '3(*jj  bushels  to 
the  acre.  The  practical  fact  i$,  that  in  Egypt,  at  the  present  time,  dourra 
yields  ott  the  average  about  12  bushels  to  the  acre  (the  C.  R.,  1873*  p, 
10**o,  say  2 1  ardebs  per  feddau),  or  somewhat  moixi  than  wheat  in  the 
same  country.  Its  prefereuce  to  the  latter  is  doubtless  due  either  to  the 
leaser  amount  of  seed  and  oare  required  in  its  onltivation,  or  to  tlte  lenaer 
trouble  required  in  its  preparation  for  nae.  It  i*  ground  between  two 
stones  and  niade  into  a  brown  bread,  eaid  by  an  enthusiaatic  traviVlor 
to  bo  ijf  ** admirable  quality"  (Contemp.  Kflir,»  Feb.  1^74 ►,  but  is 
greatly  deficient  in  llerih- forming  materials.  Hamilton  says,  that  **  in 
L'pjjer  Egypt  the  dourra  eonstitutes  almost  the  whole  KubsiBteuee  of  the 
(leasanlry  ;*'  but  thife  is  bo  far  from  beiug  correct,  that  they  uat  several 
pounds  of  dates  to  one  of  duurra«  Although  its  uj^e  in  Egypt  is  less 
common  as  one  proceeds  from  Nubia  to  the  Delta,  it  is  nevcrthelcfss 
still  largely  consumed  in  Midille  E*fypl,  The  lotu«*  which  was  n%^\  for 
food  in  tiie  time  of  llerodtanf.  is*  now  almoisl  a  riire  plant. 

Beside  dates  and  ilourra^breafl,  the  f<.KKl  of  the  K^ypbian  pea«aula  con- 
sists largely  of  beans  and  lentils,  which  are  made  into  soups  and  nther 


fjk Spelled  yarluuily,  m  d<mrrs,  dourriih.  dli^arrsi  dhuffs,  doumb,  dowmh  *n4 
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dkhM.  A  ir«i7  Ultle  fish  !&  obtaiocd,  but  no  meat,  except  on  mre 
oootnods,  wbeQ  ftibeep  is  fthiiigblered  and  consumed,  eveu  to  the  entmlta. 
The  torli]  eo«t  of  an  adult  peii&»iit's  &uljsi£t«iiG«  in  1H37  raoged  fntm  I  ia 
?J  oentfl  per  d»j.  It  i*  now,  lfC4,  ^  to  7|  oents.  So  effect u:*lly  does  the 
fOTemtneut  deprive  the  jietiple  of  I  be  me&aa  of  subsifit^nce,  that  «iy» 
MacGregffor  ;  **  [f  the  p*>0r  ftsUsih  doe«  not  mcteie  9ome  of  hm  produce « 
It  aooietioieB  bappetiAthut  n^iliih^  ia  left  him  at  the  conclnslon  of  autumn 
to  maint&ui  himself  aud  fatnilf  through  the  whiter/^ 

The  Nile  ia  navigiable  hj  Light  draught  boats  from  ita  mouths  to  the 
mpfds  or  L^ataiact^,  about  000  miles  »bo%'e.  The  drau^jbt  of  water  in  the 
Rofteita  mouth  ti  tire  feet,  and  in  the  Damiettfi,  eight  feet^  at  low  tide* 
During  the  Inundaiioa*  the  draught  u  often  forty  feet,  and  large  yessela 
can  uoend  to  Cairo* 

Mabmi/ud J;  Lower  Egypt  » .  >  • , , , ,  *  50 

Umailia,  "  "     ,. *J1 

Behemb,  **  ** .„.,.. .,,,30 

ibrahimteb,  Upper       **      ,,,.,,.. ,  * . 03 

Beside  theiie,  there  Is  the  Sue*  tnterDntional  Ship  Cana),  69  miles  long; 
the  Bahr  Tusuf,  or  ancient  irrigatluj;  ri\?er  of  Jofieph,  some  3U0  milea 
long  ;  and  hundreds  orirngatltj^  canais^  niany  of  them  of  gieat  size«  not 
to  count  innntnerable  runnels  and  ditches^  for  the  purposes  of  irrigaUon^ 

Railwatb* 
The  foUowijig  table  shows  the  progress  that  has  been  made  in  railways 
in  Egypt  : 

Year,  MJlet, 

1863...... ...,*....***...,, ,, 245 

187L,...,.....,... .,*.*..• ,   .,..*,. .054 

liia. ,.,.. ,,*..,,..7MJ 

In  IBlil  there  were  completed  twenty*  one  rail  way  a*  aggr^attng  i3$| 
mUee,  of  wh  ch  about  200  miles  were  double  track ;  ftlso,  in  progress,  208 
miles  and  a  single  railway  of  GOO  miles  to  the  Soudan. 

But  with  all  this  progrei^  aays  British  Consul  West,  in  1807.  "the 
lra<le  of  Sue^  is  on  a  moat  limited  soa!e,  and  is  almost  exclusively  conftned 
to  the  supply  of  tbe  dmly  wants  of  its  few  mhabitants*  The  imports 
fjx^m  the  H-'d  sea  or  from  India  are  all  on  account  of  tbe  Cairo  mei^hants, 
and  the  goods  are  received  hei-e  by  native  wakeels,  or  aijcnts,  simply  as 
forward) ug  agents.  The  duly  is  paid  ou  them,  and  notwithstanding  the 
line  of  railway  between  Cairo  and  Suez,  they  are  transmitted  not  unfre* 
quently  ou  camek  T* 

The  Consul  explatm  that  there  are  several  reasons  for  this  singular 
preference,  neither  one  of  whicb  ts  creditable  to  tbe  existing  government, 
wbicti  not  only  lords  ttnelf  despotically  over  the  people,  but  owns,  mono* 
polises  and  administers  I  be  railways. 

First,  *'The  natives  avoid  coming  into  contact  with  the  government 
officials,"'  who  manage  the  railways. 
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Secoijdly.  **  Time  is  of  but  little  object,  and  the  saving  of  it,  if  any,  by 
railf  is  questionable,  owing  to  the  delays  in  forwarding  and  obtaining 
delivery  of  the  goods." 

Thirdly.  *'The  rates  of  railway  freights  are  so  high  as  to  make  but 
little,  if  any,  difference  in  the  cost.*' 

Though  it  should  be  remembered,  in  mitigation  of  this  charge,  that  all 
of  the  materials,  some  of  the  personnel,  and,  most  important,  all  of  the 
coal  for  the  railway  service  has  to  be  imported  from  Europe ;  yet  the 
Consul's  reasons  for  the  avoidance  of  the  railways  involve  reproaches  to 
the  Khedive's  system  of  rule,  which  appear  to  show  that  even  with  cheap 
fuel,  railways  and  despotism  will  not  work  well  together. 

The  converse  of  this  induction,  that  railways  need  a  free  government 
for  their  development,  is  strikingly  shown  in  the  great  pi  ogress  which 
the  former  have  made  in  this  country,  and  the  relative  progress  they  have 
made  in  all  countries. 

When  it  is  remembered  that  thousands  of  years  ago  Egypt  possessed 
stone  mil  ways,  and  perhaps  also  wooden  ones,  it  is  rather  a  dark  stigma 
on  the  Khedive's  rule  that,  with  all  his  efforts  to  imitate  European  pro- 
gress, the  government  he  has  established  is  so  distiisteful  to  his  people, 
that  rather  than  employ  his  boasted  engines  of  progress,  they  find  it 
preferable  to  return  to  the  camels  and  the  old  paces  and  slow  ways  of 
their  forefathers. 

Of  telegraphs  there  were  in  1863  about  360  miles,  and  in  1873  about 
3,460  miles.     These  works  all  belong  to  the  government. 

Rates  op  Freight. 
In  1863  the  freight  on  baled  cotton  by  railway  from  Mansurah  to  Alex- 
andria, a  distance  of  about  100  miles,  was  48  cents  per  cantar,  or,  say,  55 
cents  per  cwt.  Rates  of  freight  from  Alexandria  to  Liverpool  in  1878, 
for  wheat  and  beans  61  cents  @  $1.34  per  quarter  of  8  bushels  ;  to  Mar- 
seilles, 60  cents  per  100  kilos.,  or,  say,  17  cents  per  bushel. 


Having  now  very  fully  examined  Egypt's  resources,  natural,  artificial 
and  human,  we  turn  to  the  practical  results  of  these  means  and  forces, 
which  are  summed  up  in  her 

Agricultural  Products. 
In  1834  the  produce  of  Egypt  was  stated  to  Dr.  Bowring  as  follows  : 


Wheat,  bushels 3, 144,500 

Beans,  "     2,648,000 

Lentils,         "      231.700 

Barley,  •*     1,853,600 

Maize,  **    529,600 

Dourra,  **     2,813,500 

Chickpeas,   **    165,500 

Lupins  **    115,850 

IIelbeh(*)     "    364,100 

liice  **    450,160 


Sugar,    cwts 32,000 

Cotton,      *«   206,000 

Flax,         "    55,000 

Saffron,     **    3,500 

Tobacco,   "   100,000 

Hennah,    "    30,000 

Indigo,    lbs 212,575 

Silk,  ♦* 178,750 

Opium.     " 41,250 

Linseed,  bushels 198,600 


{k)  A  iMd  with  a  somowhat  bitt«r  taate,  whoM  floor  ii  mixed  with  doarra. 
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Tlie  qiittniitidK  in  the  above  table  are  obtained  by  reck  on  lug  3  Jl  Caira 
ardeba  to  the  buslml  aad  SJ  pounde  to  the  oke.  Tbe  cwts.  ar^  as  stated 
ill  thu  original 

In  11^73  the  produoUi,  feddans  cnltlvated,  avcrsge  yield  per  feddan  and 
totnl  yield  were  aa  follows  i 


Fboddcta. 


n^ii.8  UrL-  PER  Fid-  ^^?H^„^^ 


■|- 


Cotton,  eantars  (1871 ) , , ,.....,..,.  71 8,997i 

Sugar  (/)     *^ 200,tKK>  (I) 

Wheat,  busbels '  71 1,(M)** 

Dourra,       »*       ..._. 400,<XX» 

Barley,  11  ice,  (m)  Maize  and  other  grains, 

btishela , , ,  I  S9,000 

Oats,  bushels*., , 1;200,0(W1 

Beans  aud  lentils,  bushels 1 ,  070,  om 

Bales,  eautaTB**  .*,*__ ,  t>ri,()Ul>! 

All  other,  iucludiDg  Mulberry  treesi  (n)  ' 

Rose-trees,  (<?)  poppies^  etc,*.. *.,  '  210,224 

Total..,. _J  4,624,a3ll 


800 


1,977,M2 

n,oo(),o(K) 

7jnJ8,7-jO 
4, 500,  wo 

1,  mil,  250 

1,500,000 

3, 140,  OIK) 

20»0<HO(MI 


From  the  above  table  and  the  comparative  statUtica  of  tbe  exports  of 
Gdtton  and  sufjarfrom  Egypt,  it  appears  that  at  the  present  time  the  gov- 
ernment ia  eocouraginy^  the  production  of  tlieao  ai ticles  iu  the  plat^e  of 
wheat,  and  since  the  area  of  oultivation  iu  limited,  it  follows  tha^  the  pro- 
duct of  the  latter  will  \*B  less  and  les^  every  year.  Hut  taking  tb«  wheat 
product  at  its  utmost,  what  doe.s  it  amount  to?  A  product  of  K,(MiO^<Kin 
bushds  a  year,  (p)  of  whh-h  "i^^iOOjOrM}  liushels  are  exported,  chietly  to 
England,  In  point  of  fact,  however,  there  have  been  but  six  year^dur- 
iDg  the  paat  twenty,  when  the  exports  have  amounted  to  as  much  ae 
6,000>OiM>  bush e la  per  annum,  and  there  will  probably  never  be  another— 
at  least  in  our  days.  These  years  were  1854,  1855,  IS/ifi,  18.18,  1B03  and 
1868,  In  1H64,  H^JftTi,  180G  and  1870,  there  were  no  eatporta,  on  account 
of  famine.  In  fact,  Egypt  imported  wheat  in  those  years,  I^ast  year, 
1873,  the  exports  were  only  2^  railliou  hnsheJs, 

Uh  Thii  flt&temfint  of  th«  yield  ofnigfir  moAl  be  aoci!|)tisd  with  caatlon.  It  la  g^tTco 
on  tkaaitthiDrUydftb^  AmerieiiD  eoadult  bat  tb«  same  ^ttttiarltsr  says  tlwt  tbe  total 
product  or  in72  wai  but  l,KX),d(]0  enntan.  Tho  production  of  tbli  articles  la  being  puiheil 
bj  thB  Kli^dlrentid  more  Liimj  dcTolfid  lo  It  eaoh  Bnctf^QdiD^  jenr.  Tbere  are  17  f^^- 
tofiee  in  U(*ficr  Kgypl,  co|niMe  of  turning  out  *i,3&0,0oa  (fanturs  of  stigar  par  unnuuu  anct 
0  Othera  wer«  build  In^r  In  UlS,  with  an  aggre^ato  miiiaelty  of  P(w,iiOo  cuntarj* 

f  m)»  BlEjo  wm  iwmvtly  tbe  iirlnclpal  gwln  «itKfrt«d  from  Egypt,  but  Its  cultivation 
b«f  ill  tQ  deollne  Bome  &a  jear»  ago, 

(n  J,    Tbere  wsre  lo,000  fcddana  In  Muli>«rry  trees  to  iSSTi  wltli  300  trees  to  the  feddnit. 

(*),    Mainly  Jn  the  Fa  loom. 

ip)*    It  WM  about  7,&oo,ix»Q  bashels  boeua  ten  or  flfl«<>ti  years  prsvloa^ly.^AppletonVs 
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Conclusion. 

When  it  is  remembered  tliat  the  wheat  trade  between  the  United  States 
and  Great  Britain  is  an  export  of  42  million  bushels  a  year  from  the  for- 
mer, to  help  supply  a  demand  of  95  million  bushels  a  year  on  the  part  of 
the  latter,  the  utter  insignificance  of  Egypt  in  this  respect  and  her  inabil- 
ity to  supply  such  a  material  portion  of  this  trade  as  is  likely  to  have  the 
slightest  appreciable  effect  upon  its  course  or  prices,  is  believed  to  be 
evident  without  any  further  argument. 

Appending,  tirst,  the  commercial  movement  of  wheat,'!  will  close  with 
a  few  wordi  relative  to  the  government  and  the  future  material  welfare 
of  Egypt. 

Commercial  Movement. 


Year. 


1883  (q). 
1841  (r). 
1853 .... 
1854 .... 
1855(a).. 

1856  .... 

1857  .... 

1858  .... 

ia59 

1860 

1861 

1863  .... 
1863 

1864  .... 
1805  .... 
1866  .... 
1867 .... 

1868  .... 

1869  .... 

1870  (w). 
1871 .... 

1872  .... 

1873  (tj).. 


Exports  of  W  heat  Received  In  the  Exports  to  France, 
from  Alexandria.!  United  Klnf^om  Bushels.  (6  to  1 
Bu.  (6  to  1  ardeb.)  Bushels  of  60  lbs.  ardeb.) 


800,000 
2,498,985 
4,828,965 
5,078,480 
8,874.260 
7,807,240 
8,762,865 
5,852,240 
2,636,975 
2,828,590 
4,526,200 
6,644,255 
8,896,600 
440,445 
none  (t) 

02,690 
8,991,010 
5,785,735 
1,844  4a5 

74,955 
2,323,345 
4,838,640 
2500,000 


116,480 
8,101,850 
2,625,176 
8,789,422 
4,633,226 
1,770,046 
4,026,982 
3,269,072 
1,717,150 
2,948,960 
6,609,158 
4,645,272 

784,924 

20,126 

67,662 

2,948.512 

6,474,760 

2,040,578 

213.402 
1,817,694 
4,722,084 
2,548,588 


93,226 


652,205 


205,100 
121,650  (ic) 


iq).  In  1833  the  Nile  failed  to  overflow  Its  banks,  the  harvest  was  greatly  deficient, 
famine  ensued  and  grain  rose  to  a  high  price ;  nevertheless  prices  were  still  higher  on 
the  Black  Sea,  and  Mehemet  All,  turning  a  deaf  ear  to  the  suflisrings  of  his  own  people, 
sent  60,000  ardcbs  thither  for  sale.>-MaeOreggor. 

(r\  In  1841  the  exports  o(  wheat  from  Egypt  were  mainly  to  Italy  and  Turkey.  The 
British  trade  did  not  spring  up  until  after  this  date. 

(*  .  In  1855  the  exports  of  wheat  were  6,673,070  bushels  to  Great  Britain  ;  652.206  to 
France  ;  137,900  to  Austria  and  2.011,086  to  other  countries. 

(t).    In  1866,  failure  of  grain  crops.    Exports  of  grain  prohibited  until  .Tuly  81, 1866. 

( u).  In  1870,  failure  of  grain  crops.  Exports  of  grain  other  than  wheat :  Rice  100,625, 
Maize  6,^95  and  Bnrley  170,265  bushels. 

(v).  Wheat  shipped  fVom  Alexandria  to  United  Kingdom  1862  to  1872  Inclusive,  29,- 
362,260  buslielg  at  five  to  the  ardeb.  Total  received  in  United  Kingdom  during  same 
period  30,289,172  bushels  of  66  lbs.  each— a  substantial  agreement. 

(IT).    18.2.  Also  68,866  bushels  to  Italy. 
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No  wheat  iii  permitted  to  be  ahipped  frtmi  Hgypt  without  pi.ymg  to 
the  goTertimeiit  an  export-duty  oT  about  STJ  ceutu  per  bush«l^  and  no 
Uborer  is  permitted  to  leiive  the  cotintry  at  sill ;  »o  that  tlie  conditiouB  or 
her  lad  us  try  are  in  a  cserta'n  eeose  Qjced. — Ma<3Greggor. 


The  FtJTUEB  of  Eqtpt. 

Apart  from  the  atihjeut  of  her  agricultural  and  comtnercial  rivalry  with 
the  United  States^  Bgypt  possesses  an  interest  to  us  which  I  trust  will 
furnish  ample  kpologj  for  the  uncomplinientarj  terms  in  which  I  have 
found  it  necessary  to  advert  to  her  government,  or  what  is  the  same  thing, 
the  Ehudivc.  Rulern  have  dithcuUies  U-s  contend  with  which  are  not  al- 
ways readily  appreciated  by  olhem,  and  doubtlesa  the  Kht'dive  has  his 
share  of  them.  He  sees  beneath  him  a  couatrj  which  demands  inces^nt 
labor  for  its  cultivation  J  a  people,  ignorant,  »sui>erstitious  and,  as  he  be- 
lle vos^  slow  and  lazy.  His  adminiut ration,  bad  as  it  seems  to  us,  has 
nevertheless  been  one  of  peaqe,  and  wholly  uu«tained  by  the  barbarous 
cruelties  that  distinguished  those  of  Mehemet  AH  and  H^rahim  and  Abbas 
Pa£ba.  But  although,  to  ub«  the  expreasion  of  the  illutitriotitj  Turgot 
with  n?  fere  nee  to  the  iinauee  system  of  Frauee  under  the  reign  of  Louis 
XV ►,  the  Kheclive  has  not  ^*  kiUed  the  goose  that  lays  the  golden  eggs/* 
he  has  plucked  it  to  the  bone. 

Were  this  potentate  once  to  reflect  how  little  glory  there  is  in  such  a 
eouitse,  and  how  many  millions  of  suffering  human  creatures  would  bless 
him  now  and  his  name  forever*  did  he  change  it  \  were  he  but  to  consider 
how  in  finitely  more  creditable  in  the  eyes  of  the  world^and  more  gracious 
in  tlie  sight  of  the  God  an  I  the  Prophet  he  worships  would  appear  his 
devotion  to  the  flmelioratiou  of  the  coudit'On  of  his  people,  than  the 
amassment  of  wealth  aitd  the  btiildiiig  of  p^hxx^s  in  which  be  is  engaged, 
it  is  perhaps  not  too  much  to  say  tbat  be  would  adopt  a  wholly  diftei'ent 
national  policy* 

That  this  may  he  the  case,  and  Egypt  afforded  an  opportunity  to  rise 
once  moi-e  anioiig  the  nations  of  earth — not  as  a  land  merely  of  archa>a- 
loglcal  remains,  but  as  the  abtxlc  of  a  numeroHs  and  prosperous  people 
— cannot  Jnit  be  the  fervent  wish^  not  only  of  all  Ameticaas,  but  of  the 
modem  world  at  1  irge. 
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LIST  OF  THE  NORTH  AMERICAN  PL1TYPTERICE3,  ATTACI, 
HEMILEUCINI,  CERATOCAMPAD^,  LACHNEIDE8,  TEREDI- 
NES  AND  HEPIALI,  WITH  NOTES 

By  Aug.  R.  Grote. 

{Read  before  the  American  Philosophical  Society^  Nov.  20th,  1874.) 

In  this  list,  I  present  the  resalts  of  my  studies  on  a  portion  of  the 
North  American  Bombyces.  The  admirable  synopsis  of  the  Family  by 
Dr.  Packard,  I  have  foand  our  best  authority  on  the  subject,  while  I 
have  been  able  to  propose  many  necessary  and  important  changes  in 
nomenclature  from  more  extended  bibliofi^phical  researches.  The 
only  changes  from  Dr.  Packard's  classification  here  made,  are  the 
division  of  the  "  Hepiali  "  into  two  groups,  in  which  I  follow  Hiibner, 
and  the  disintegration  of  the  *^  CeratocampadsB  "  into  Hemileucini  and 
Ceratocampadse  indicated  by  Mr.  Robinson  and  myself  in  1866.  To  Mr. 
S.  H.  Scudder  we  owe  the  reprinting  of  the  Tentamen  of  Hiibner  and, 
more  recently,  the  discovery  of  the  exact  date*  (1806)  of  that  valuable 
document. 

In  the  present  List,  a  star  (*)  is  prefixed  where  the  genus  is  represent- 
ed in  Europe ;  a  dagger  (f)  where  I  have  been  unable  to  examine  the 
species  myself. 

Bombyces  Linn.  (1788).  Bombyces  Borkh.,  1798  ;  Bombyces  Hubn., 
1806  ;  Bombycites  and  Noctuo-Bomby cites  Latr.,  1810 ;  Phalaena  Hubn., 
1816. 

PLATYPTERICES  Hubner  (1806). 
Platyptericida  Stephens,  1829  ;  Platypteryginas  Grote,  1868. 

♦  PiATYPTERYX  Laspeyres  (1802). 
Type  :  Bombyx  hamula  S,  V. 

Note.— Httbner,  In  his  Tentamen,  first  restricts  Laspeyre's  generic  term  to  this  type. 
Since  Schrank's  genus  Drepana  (ISOl),  contains  species  not  congeneric  witli  this  type, 
his  name,  while  earlier,  must  be  used  for  one  of  these,  and  Hubner's  restriction  of  Las. 
peyre's  later  term  must  be  renpected  according  to  the  rules  of  Zoological  nomenclature. 
This  restores  my  original  determination  (1882)  for  our  American  species.  Stephens' 
*'  Drepana  fasciata,'*  Is  probably  a  species  of  Drepanodet^  from  the  description. 

siculifer  (Pack.),  4th  Ann  Rep.  Peab.  Acad.  Sci.,  87  {Drepana)\ 
id.  Stretch,  Zyg.  Bomb.  N.  Am.,  110,  PI.  4,  fig.  11.     California. 

arcuata  (Walk.),  C.  B.  M.,  5,  1164  (Drepana) ;  Platypteryx  areuata 
Grote,  Proc.  Acad.  N.  Sci.  Phila.,  1862,  p.  360;  Plat,  fabula  Grote,  1. 
c,  p.  59.     Canada  to  Middle  States. 

genicula  (Grote),  Proc.  Acad.  N.  Sci.  Phila.,  1862,  p.  59.  Canada 
to  Middle  States. 

*  See  Hubner,  Zutr.,  1.  S.  4. 
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*  Phionu  llfibner  (1810). 
Type  :  Ptialsemi  lacertlimria  Linn, 

biliDoata  (Psicfc,),  Proc.  Ent.  Boc*  Phila.,  3,  87fi  [KdapUi^ifif)  PL  ih 
Bg.  D.    £:iistern  and  Midd.k  States. 
NonfR,— Step! urns'  li»U>r  rwttHctbjn  wf  P^afy^if  rj^^  for  thU  genuR  ORDnot  hofoUowca, 

DRTToFTEnifi  Grote  (1S09)* 

Ty^ie :  Platypteryx  ft>rmiila  Orotc. 

rosea  (Walk.),  C.  B.  M.,  5,  1104  (Drepana];  Drepana  mnrginaia 
Walk > I  K  0.,  lltJS;  Cilue  Amerknna  H.  S  ^  Lep.  Eitot.,  470;  Plui^fder^/i 
formuU  Grote^  Pitjc.  Acad.  N.  Sci,  Phila.,  1803,  00  j  Dr^op(rnH  rmm 
Orote,  L  C.J  360.    Canada  to  Virginia. 

irrorata  Pack.,  PrcMj.  Ent.  Soc,  PMla.,  a,  377.  B  wtaru  States, 

ATTACI  Lino.  (1788). 

KoTK.— Thri  eub-fiumtlr  ti  ttidlOtttM  bf  Unnd  under  the  Dam?  *'AttftOos/'  Etl.  ilM, 
H|^ii»  Nat.,  p,  3101,  f^cftfdnjt  Hubiv.,  rtuU  HermA  HUbo,,  mnit  both  be  PunaiaertnJ 
*yuunymoui>    Tho  typo  of  Echidnt^  (1805)^  la  E.  Tett^  tba  tjps  of  Jf^rictt  (1M09),  Is   H. 

AcTiAS  Leac^h  (1315). 

Typo  :  PLaUona  Luna  Linn* 

Luna  {Linn.).  Syst  Kat.  Ed*  10,  1,  4^  No.  5  (1758);  id.  Ed.  13,  810, 
No.  5  (1767);  id.  Mas.  Ulr,,  dm,  No,  .1  (1TG4);  Abb.  ife  iSm.  Ins.  Ga,,  1, 
05,  T,  48;  Lcacb,  Edin.  Encyc,  0  (1813),  tActim);  Hubn.,  Verz.,  lo2, 
No.  15^7  iTvQiNFa).  Canada  to  Alabama;  double  brooded  in  Alabama, 
where  it  readily  iiies  in  the  clay  time, 

NtiTH.—Thd  Plate  of  this  ipocies  Uand  2,  Exot*  Sohm.t  ti  wroaRly  "latcd  ••  tSW  by 
P»itl£ard.  It  Is  later  thau  Ibo  VifTSolohnlBS.  In  a  lotto;  dnti^d  2Sth  BeptK,  l^Sd,  Dr. 
H«rrl<?h'S<?hotHor  gftir^i  the  ftjlIuwlDg clatei  to  th^M  val.  »f  the BA.mm\mi^;" Cat iptt one 
Ui  hmtttra^  ii^ ;  Atdepiai  to  ruatica^  1%'^;  la  to  Idytjife,  HiSui ;  ;7a«^^4»s  fffimmia^  LM^S^l ; 
crtWrt  to  t*ttr&0^  18?3;  »««4i  to/Airso,  iSSa;  4ehGra-hjfUt,  1S34;  itnt«-A«i?fiiMi*ri»  ls;ifr." 

Tklea  niibn.  (1810)* 

Type  :  Bombyx  polypliamus  VramAV. 

Polyphemus  (Cram.),  1,  PL  5,  A.  B.;  Fabr.,  Sp.  Ins.,  2,  168,  No,  5; 
Maat.,  2,  1D8,  No.  6  ;  Linn.,  Syst.  Nat,  Ed.,  13^  p.  2402,  No,  4«1  ;  Pabr., 
8yaL  Ent,,  410,  No,  8  ;  Abb,  «fc  8m, ^  l>a,  T.  47;  Telea  p&l^pfi€mus  Uuhn., 
Vera.,  154,  No.  1010;  Bomh^x  Paphm*  Liun.,  Mus,  Ulr.  (1704),  p.  SOU, 
No.  4,  (not  8.  N.  10,  1758.  m^  Am.  Naturaliit);  Tiefe*!  Paphiti  Kirby. 
Tram.  R.  Dub,  Soo.,  203  (ISTZ).    Canada  to  3Iexico  ;  Galifornia. 

Attacus  Llnn^. 

Type  :  Attacua  Atlas  LinnL 

f  gpleodldus  {Bls  BeauvOj  Hifi.  Air.  Am.^lSa,  PL  22^  fig,  1,  2  (Bom- 
hh);  Clem.,  Pmc.  Acad.  N*  8.,  Phila,  (1860),  p.  100,  {AUumi).     Texaa, 
A*  p.  s, — VOL,  xrv.  2a 
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Philosamia  Grote  (1874). 

Type  :  PhalsBna  Cynthia  Drury, 

Note.— Mr.  W.  F.  Klrby,  has  drawn  attention  to  the  Ikct  that  after  Walker's  re- 
striction of  the  genus  Samia^  in  1865,  to  cecropia  and  promethea^  the  term  could  not  be 
used  again  tor  UUbner-s  Samia  cynthia.  The  term  Platynamia  must  then  be  dropped 
and  a  new  name  be  uf  od  for  the  present  genus,  hitherto  confounded  with  Altacut^  and 
described  by  me  in  1805  under  the  name  Samia.  To  Philotamia  belong  the  Asiatic 
species,  lunula^  ricini^  Cumingii  and  Guerini, 

Cynthia  (Dniry),  III.,  2,  10,  PI.  6,  fig;  2 ;  Hubn.,  Verz.,  p.  156,  No. 
1629  {Samia);  Grote,  Proc.  Ent.  Soc,  Phila.,  5,  228  {Samia). 

Note.— with  the  usual  latitude  for  coarsenesb  and  infidelity  of  coloring,  I  think  Cra- 
mer's figures  under  this  name  represent  the  same  species. 

Brooklyn,  L.  I. ;  Philadelphia  ;  Baltimore.  Introdaced  and  apparently 
acclimated  with  us. 

Callobamia  Packard  (1864). 
Type :  Bombyx  Promethea  Drury, 

Promethea  (Drury),  III.  2,  PI.  12,  fig.  1.2,  9 ;  Abb.  &  Smith,  His. 
Ga.,  91,  T.  46;  Samia  Promethea  Hiibn,  Verz.,  p.  156,  No.  1681;  Callo- 
samia  Promethea  Pack.,  Proc.  Ent.  Soc.,  Phila.,  3,  379.  Canada  to  Ala- 
bama. V 

Note.— In  the  original  perfect  copies  of  Drury,  an  Index,  with  names  according  to 
the  liinnean  system,  is  given  at  the  end  of  each  volume. 

angulifera  (Walk.),  C.B.M.,  5,  1224  {Samia);  Pack.,  Proc  Ent. 
Soc.,  Phila.,  3,  380  {Callosamia),    New  York  ;  Pennsylvania. 

Samia  Hubner  (1816). 

Type  :  Phalsena  Cecropia  Linn. 

Cecropia  (Linn.),  Syst.  Nat.  Ed.  10,  1,  496,  No.  3 ;  id.  Ed.  12,  809, 
No.  3 ;  Mus.  Ulr.,  368,  No.  8 ;  Abb.  &  Sm.,  His.  Ga.,  89,  T.  45  ;  Samia 
Cecropia  Hiibu.,  Yerzeich.,  156,  No.  1630 ;  Platysamia  Cecropia  Grote, 
Proc.  Ent.  Soc.,  Phila.,  5,  229.    Canada  to  Alabama. 

f  Columbia  (S.  I.  Smith),  Proc.  Bost.  Soc.  N.  Hist.,  9,  343.  Canada ; 
Eastern  States. 

f  Qloveri  (Strecker),  Lep.  Rhop.  Het.,  No.  1,  Plate  {Platy samia). 
Arizona. 

Californica  (Grote),  Proc.  Ent.  Soc.,  Phila.,  5,  229  {Platysamia) ;  W. 
F.  Kirby,  Proc.  Roy.  Dub.  Soc.,  1872,  202  {Samia);  **  Saiumia  ceanothi. 
Beer,"  Boisd.  Ann.  Soc.  Ent.  Belg.,  12,  83. 

Note.— No  description  of  this  species  under  the  names  "  £ttrya/u«  "  or  **ceanothi^* 
is  known  to  us  previous  to  Dec,  1806,  the  date  of  its  description  as  Californica. 

California. 

•  Saturnia  Schrank  (1801). 

Type  :  Phalssna  pavonia  major  Linn. 

{  Qalbina  Clem.,  Proc.  Acad.  N.  S.,  Phila.,  I860,  p.  166.    Texas. 
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EEMILEUCINE  Orote  &iid  lloUinsoa  (1866). 

N«iTs.—Tb1d  group,  whkli  we  VQuid  eooflldiir  ms  uT  tn^tkmdlf  mXna.  U  dlfteiiieed  in 
Ann.  Ljc,  NikU  Hm..  H,  Y.  S,  p|-.  377, 378,     None  of  the  c-  -f^i  bj 

Hubcier  trn^a  tMS  niflil^    Thogroup  is  not  Teto|fnll«Hl  in  Ihc  ]  Vrt- 

a«^eMlM  Kmit)  of  Ihe  gvtiem  »re  r^ferreJ  Eu  Uie  Echidn^^  tn^-^  r^^-  ^    .  .^-  ^'■^  ^<  <^.  aaiLiCv 
ttxpl&liied  ftbore  mniler  dttaci, 

AuTOMfiRis  Habn,  (1816). 

TjTjie  :  Bombjs  Jantis  Cramer. 

lo  (Fabr.),  Ent  Syst*  p,  410,  Xot  37*  Abk  ^  Sinn  In».  Ga..  p.  ITT,  T, 
49;  HatT.  Cat.  In».,  Masd,  {Sfiturniij);  Hiibn^  Satiim.  Exot  Sell*,  3^ 
fil?*.  If  2,  5,  8>  4,  9  (ff^p^rehiria);  Il^n.  tarin  WaJk,,  C,  B.  M,,  fl,  i», 
l'3Ta.     Canada  to  SouUierQ  Statefi, 

Korf^— This  s«tii!rjfl  t«fiii  b&f  prtorltj  Ln  the  VerietctuilM,  Cr&mer^i  figures  aiMt«^r 
llui  f[i«etAe  name  cannol,  hf  ttLvmseWi^  ustmUtm^  a  rstia  prforltj. 

ZeLleri  (G,  &  R),  Traim.  Am.  Eat  Soc,,  Phila,,  S,  PL  2^  fig.  Oo  (Z/y- 

pfrfhiriii) ,    Texas, 

Colorado  Blake  (1863). 
Type  :  Coloradia  Pandora  ^/aJt^?. 
K«*n^>»Tbtft  pmfis  l«  dJfilinet  from  Dlrphla  HitdJi.  (I91A)*  ttlQ  ty|i»  ot  vhlcEi  is  J* 

Pandora  Blake,  Proc,  Ent.  Soo.t  Pbila.,  %  27a,  PL  T,  ColaradL» 
Territory, 

PaEUPoiiASis  Q.  &  R  (IBaa). 
Type  :  Satumla  eglantenca  B&M^ 

If <yr*.^Dr,  Pwik^titrs  getma  i:j*ciai» j*  tff  rotiiifl^d  od  U,  toj^A,  whli^h  wo  have  shawn 
t^ilM  W«1l£cr'f  t>Twof  HcmllciiGfl.  lo  &o  <ifi[HjiHa  flow,  |ha  vulldliy  of  the  (itoswiit 
generic  name  «iinrtot  bo  dt$i|jqt^|  antll  U  I#  iatisfiuilorily  fhovtt  timt  the  Soiilh  Ami?fi* 

Hera  cHanO.  B<?p.  Id*.  loj.,  Mass..  2m,  1841  iSatarmia);  Stiiurnf*t 
ifflankrirut  Boi&d.,  Ann.  Soc.  Eiit*  Pr.  2  Ser.,  10,  33J^ ;  rf^uti  eghmUtrim^ 
H.-S.,  Exot,  Oil,  445;  F$eudohtui*  Hera  G,  &  R»,  Aim.  Lye.  N.  Hist,, 
N,  Y,^  8,  3T7-     CaliforDia ;  Racky  Mountuins. 

n^MtLEuca  Walk  (18-35). 

Type  :  Fhalaina  Maja  I}nttif, 

M^a  (Dniry),  111.  3,  42,  PL  24,  fig,  3;  Bomb^^  ProMirpina  Fabr, 
Ent  Byst^oOl,  No,  17  ;  lU  Abb.  it  Sm.,  Ina.  Ga.,  PL  50;  Walk,,  C.  B. 
M  ,  6.  1317  ilJemikaea),     Maeft.  Ui  Georgia,  Westward  %o  IlHooia. 

+  ir^^adenais   Stretcb,    Zyg.  Bomb.  N.   Ara,,   108,  PL  4,  fig,   lO. 

Grotei  Hopfler,  Trans.  Am.  Ent  St>c,,  2,  102,  PL  3,  fig.  CO.  Texas, 

t  Jtiao  Pack.,  4th  Ann.  Rep,  Peab«  Aoad,  Bei.^  87,     Arkona. 

tpica  Walk,,  C.  B  M.,  6,  UIB  {irmikttm};  G.  &  R.,  Traoi.  Am, 
Ent  Soo,,  %  74  (P««(ltfA^«w}.     **  United  State*.** 
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EuLEUCOPUiEus  Pack.  (1872). 
Type  :  Euleuo.  tricolor  Pack, 

tricolor  Pack.,  4th  Ann.  Rep.  Peab.  Acad.  Sci.,  89  ;  Stretch,  Zyg. 
Bomb.  N.  Am.,  143,  PL  6,  figs.  3.  4.     New  Mexico. 

CERATOCAMPAD^  Harris  (1841). 

XoTK.— This  appears  to  be  the  earliest  collective  term  that  cau  be  used  for  this  group. 
The  genera  are  partly  referred  by  Uubn.Jn  1816,  to  his  Echidntt  (see  ante)^  and  partly 
to  his  TrichodcR.  The  type  of  Trichoda  (1806)  is,  however,  a  Laohneid,  a  designation 
which  has  the  priority  by  a  line  in  1806. 

Eacles  Hubn.  (1816). 

Type  :  Bombyx  imperial  is  Drury, 

imperialis  (Drury),  1,  17,  Ph  9,  figs.  1,  2  ;  PhalcBnaimperatoria  Ahh, 
&  Sm.,  Ins.  Ga.,  109,  T.  55  ;  Hiibn.,  Verz.,  153,  No.  1602  (Eaclea); 
Bombyx  didyma  De  Beau  v.,  Ins.  Afr.  Am.,  pp.  51,  52,  PI.  20,  figs.  1,  2 
(1806).  Eastern  States,  Southward.  Appears  to  be  replaced  in  Brazil 
by  E.  magnifica  Walk. 

CiTHBROKiA  Hiibn.  (1816). 

Type  :  Bombyx  regalis  Fahr.    \ 

regalia  (Fabr.),  Syst.  Ent.,  436,  No.  93  ;  Phalana  regia  Abb.  &  Sm., 
^,  121,  PI.  61;  Hubn.,  Verz.,  153,  No.  1599  {Cifheronia);  Phalana  Lao- 
^oonJStoU  {nee  Cramer)  Supp.  pp.  179,  180,  PI.  42,  fig.  2,  6;  Eaclet 
Laoeoon,  Walk.,  C.  B.  M.,  6,  1732.  Massachusetts  to  Georgia.  Appears 
to  be  replaced  in  Mexico  by  C.  mexicana  O,  if  R, 

snpulcralis  G.  &  R.,  Proc.  Ent.  Soc,  Phila.,  4,  p.  222;  Ann.  Lye.  N. 
II.,  N.  Y.,  8,  p.  382,  PI.  12,  figs.  2,  3.  Massachusetts  to  Georgia.  This 
:species  is  represented  on  one  of  Abbotts  unpublished  Plates  in  the  British 
Museum  Collection. 

Sphingicampa  Walsh  (1864). 

Type  :  Sphingicampa  distigma  WaUh, 

bicolor  (Harr.),  Rep.  Ins.  Inj.  Veg.,  Mass.,  203  (1841)  Dryocampa  ; 
Walsh,  Proc.  Bost.  Soc.  N.  Hist.,  1864,  p. 293  9  ;  Sphingicampa  dintigma^ 
Walsh,  1.  c.  p.  290  9  6  ;  Sphing,  bitolor  Grote,  Soc.  Ent.  Bolg.  Comptes 
Rendus  (1874).     North  Carolina  ;  Illinois  ;  New  York. 

Anisota  Hubn.  (1816). 

Type  •  Bombyx  stigma  Fabr, 

stigma  (Fabr.),  Eat.  Syst.,  424,  No  54;  Abb.  &  Sm.,  Ins.  Ga.,  Ill,  T. 
56  ;  Hiibn.,  Verzeichuiss,  193,  No.  1978  (Anisota);  Grote,  Proc.  Ent. 
Soc,  Phila.,  3,  93  {Anisota),     Massachusetts  to  Georgia. 

senatoria  (Abb.  &  Sm.),  Ins.  Ga.,  113.  T.  57;  Hubn.,  Verz.,  193,  No. 
1979  {Ani8ota);  Harr.,  Rep.  Ins.  Mass..  3d  Ed.,  406,  figs.  199.  200  (Dryo- 
cimpa);  Grote,  Proo.  Ent.  Soc.,  Phili,  3,  d'S  (Anisota).  Canada  to 
(ieorgia. 
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pdt uridyl  AUb.  &  Bui.,   liia,  Ga.,   lirj,  T.  r>8 ;  jinw«r<i  virtjintifiMh  Titck,, 
Proc.  Eat  S(ks.,  Plula*,  3,  385,     Ma^saehuaclU  to  ai!orgii&. 

Dryoc  AMPA  HatiU  (t835)* 
T^pe  :  Bombyx  mbicimda  Fahr, 
rubicmida  (FaUr*)»  Ent  Sy8t»»  43D,  No.  00;  Harr,  Cut.  Ins.,  Maap. 

71,  r/)/-j(/<ifri»ipy);   Rep.   Inn    Idj.  Veg.   Maaa.,   :M   Ed.,   4iW,   fig.  -iOl. 
Ca»4uU  U>  Viripnia, 

trar,  alba  Grote.  BoJL  Duflf.  gi.  K*  S.,  2,  153.    KanBan. 

{Bofnbifcidif  Stephens  (p.),  1829,] 

I  La*  ioca  inp  idtf  D  u  po ttcliel  ( p, )  i  1 84a.  ] 

Wcrrt-^The  »doiitioo  of  thi*  nmnc  t>j  Dr  P(iclt*f i1  *n  l*a«^  rauat  ntiw  Im  ftiilowoil.  tl 
l»  the  oat  I  lust  tltlti  ftir  «ay  ti*rl  uf  Ibe  tuMftmUy  ilini  wo  ftre  &bl«  to  &A(L  Tin*  ty|w  af 
tli»  gcDafl  tatchivtii  la  tli«  BiuapaAii  Lai-Anf^i  CAf».f. 

Qlovkbia  Ffl€k.  (1872), 
Tf  pe  :  Glowria  Ariaoneiiflis  Puek. 
t  Arisoaenais  Pack.,   4th   R^p,    Peab.  Aca^-  Scl.,    p.  90  (IStS). 

Arizapa* 

•EuTmcaA  Hubner  (1800). 

Type  :  Bombyi  que rci folia  Linn,    ^ 

Americana  (Hurr.)*  Kt  Iiib.  Iiy,  Ve^.,  p.  278;  m.  3d  Fd,,  p.  377,  fig. 

17G  I  GuHropaeha)^     Maine  to  Pentisjlvfitviji. 

t  ferruginea  (Pack.),  Proc.  Ent  Soc.,  PUila,,  3,  p*  808  (/Jdniroprrr An). 

+  carpinifolia  (BaUd.),  Ann.  Sac.  Ent,  Bolg,*  12,  p.  83  {Lasmtampa)^ 
California. 

t  CaliforniCftCPackO,  4th  Hep.  Peab.  Acad. Sci.,  p. 01  {Uaitroptnihtt). 
Bouth  raliraruta. 

f  Mildel  Otreteb),  Zyg,  and  Bomb.  ]^.  A.,  p.  11%  Pktc  4,  lig,  12 
(  Gu$tropafh  « >,     California* 

?foTK.»Th«  Am«rle*fi  fffiQeLei  Mtam  la  need  r«vl0lmi.  Br.  PA«tar«l  (nfurms  me  Lbmt 
thi>  tQ«inotr  tn  whlet»  *"  atamtnttt^*  wai  i!ti«orJ\st!d!  Is  wt  tati|^ti>ni3ttAiit,  ihn  edit  ion  k^Wug 
1)««ja  4cr«trt)j^cd  in  lli«  ^rt^at  nro  lit  Cbl^ago. 

♦  TnicEOi>A  HiiUuer  (ISOtt)* 

Type  :  llombyx  nau^tria  Linn. 

Amorieaoa  (Fabr.),  EnU  Syst.,  3,  p.  433,  No.  81;  Hartia  Itcp.  Ins.  Titj. 
Veg*,.p-  2*19  (ainhmmpa);  i^fi.  M  Ed.,  PL  7,  fijfs.  K\  17  ;  CL  d^Hpleii*, 
Wftlk.,  f.  B.  M.,  0,  14S8  ;  oaftr^nsis  {  Abb.  ^  Sm.,  p.  119,  T.  C.)  ;  e^/w- 
b^^  fruteiotum  Bolid.,  Ann*  S.  E.  Belg.,  12,  S2*    Canada  to  Georgia. 
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disBtria  (Hubn.),  Verz.,  p.  192,  No.  1075  (Malaeosoma);  neustria  t 
Abb.  &  Sm.,  p.  117,  T.  59 ;  Clisioeampa  sihatica  Harr.,  Cat.  Ins.  Mass., 
72  ;  Rep.  In«.  Inj.  Veg.,  271 ;  id,  8d  Ed.,  p.  376,  PI.  7,  fig.  18,  19  ;  Bom- 
byx  drapacearum  Boisd.,  Ann.  Soc.  Ent.  Belg.,  12,  p.  82.  Canada  to 
Georgia. 

Califomica  (Pack.),  Proc.  Ent.  Soc.,  Phila.,  3,  p.  387  {Clisioeampa); 
Bombj/x pseudoneustriaBoiad.,  Ann.  Soc.  Ent.  Belg.,  12,  82.     Califoruia. 

Artace  Walk.  (1855). 
Type :  Artace  punotistriga  Walk, 
puncti3triga  Walk.,  C.  B.  M.,  7,  p.  1491.    New  York  to  Georgia. 

ToLYPE  Hubner  (1816).. 
Type  :  Bombyx  Velleda  StolL 

Velleda  (Stoll),  Supp.  Cram.,  p.  178,  PI.  41,  fig.  4  ;  Hubn.,  Verz.,  S. 
189,  No.  1943  {Tolype).    Canada  to  Georgia. 

Laric'S  (Fitch),  2d  N.  Y.  Rep.  p.  262,  PI.  2,  fig.  5  §  ,  6  ?  {Planom), 
Oantr,  minuta  Grote,  Proc.  Ent.  Soc,  Phila.,  2,  p.  433  §. 

NoTK.~Fltch'8  description  and  flzare  of  the  §  were  probably  taken  from  rubbed 
specimens. 

Heteropacha  Harvey  (1874). 

Type  :  Heteropacha  Rileyana  Harvey, 

Rileyana  Harvey.  Bull.  Buflf,-  Soc.,  N.  S,  1,  p.  263,  PI.  11,  fig.  1. 
Missouri ;  Texas  (Boll,  in  M.  C.  Z.  Cam.). 

Note.— Dr.  Harrey's  type  is  somewhat  rubbed.  Fresh  specimens  show  the  fringes 
disUnotly  chequered,  fuscous  and  whitish.  On  the  forewings  the  median  space  is  darker, 
confined  by  dark  lines  indistinctly  edged  with  whitish.  Terminally  the  wing  is  more 
whitish,  showing  the  subtermlnal  spots  plainly. 

TEREDINES  Hubner  (1806). 

[Cossides  Herr,  -  Sch,,   1845.]; 

N^OTE.— This  and  the  following  group  are  equiiralent  to  the  ^^fodicantet "  of  Hubner 
(1806).  We  would  consider  them  of  equal  value.  The  European  7.  ro««u«  (Linn.)  is 
made  the  type  of  the  genus  Teredo,  by  Hubner,  in  the  Tentamen.  In  v.  Heineman's 
extremely  unsatisfactory  arrangement  of  the  Bombyces,  the  genus  Limacodei  is  asso- 
ciated with  this  group. 

Xystus  Grote  (1874). 

Type  :  Cossus  robinisD  Peck. 

Note.— The  name  Xyleut^i  ot  Hubner,  cannot  be  used  for  this  genus,  for  the  reason 
that  it  is  orli^inally  applied  to  none  of  the  species;  in  the  Verzeichniss  It  appears  to  be 
used  instead  of  Terelo  (Tentniiicii)  for  the  European  Teredo  co««u«  (Linn.).     Qr.: 

Bobiniee  (Peck),  Mass.  Ag.  Rep.  Journ.,  5,  67  (1818),  Plate  {Cossus^; 
Harris,  Rt.  Ins.  Inj.  Veg.,  Mas<.,  297  (XyleuUs);  H.-S.,  Lep.  Ex.,  figs. 
170,  171.    Canada ;  Eastern  and  Middle  States  ;  California? 
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+  crep6ra  (Harr.),  Cat  Ids,,  Mass.^  p.  1^{Cq$mu$};  X^UuUi  i^epera 
P«6k.,  Proc.  Ent.  Soc.,  Pbtla*,  3,  p.  389,    HaaaAobuii«tta* 

f  querciperda  (Pitcii),  5th  Rep*  Xox.  Ins.,  X,  Y.,  p*  10  (C^ww*); 
Pftok.,  Proc.  EivL  Soc.,  PbiU.,  3»  p.  38i»  (X|ri<*ul#t).     New  York. 

f  Mac  Murtrei  (Bov»a;),  Icon.  R^gne,  Aa.,  PI.  85,  flg.2(0i»«tti);  C-^p- 
f ui  pirt^j'alui  Walk.,  tiat.  B.  M.»  7,  p.  1315.     United  Btotes. 

I  Papuli  (Walk.),  0.  B.  M.,  7,  p.  151^1  (C^afti*l;Pack.,  Proc.  Eiit.  Soc, 
Phila.,  S,  38y  (X^?<f«eir«),     Hudsofi^a  Bay  Territory. 
NcmL^A  itD^li  ipeeleo  ti  luaown  fWim  Ciib«,  JCyi^iu  pigtr  (OfOteK  Proc.  Eot,  BiJc. 

*  Zsuz£BA  LatreUle  (1805). 
Tjpe  :  Bombyx  aisouM  Linn. 

f  pyrina  (Fabr.).  Ent,  Sj&t,  3,  p.  5,  No.  0  {Ce*tt*<);  Walk.,  C.  B*  M„ 

T,  p.  1530  (Ztfi«um).    North  America* 

f  Canadensis  EL-S*,  Lep*  Exot  Sp.  N.  aut  In.,  8.  5R>  flg<  168;  Walk.. 
Cp  B,  M.,  7,  loao.    Canada  (Quel>ec). 


HEFIALI  Linn.  (1788). 

tUeplali  Uilbfi.^  1806.} 

KOTB.— Thta  fab^fikmlll'  ti  indicated  by  L1nti<<,  timTfir  ttva  ii»me  "  Hait(j.ll,''  Ed.  ^ilU 
SjTit.  N&U,  p.  3403. 

•  HapiJLLna  Fabn  (1793). 
Type  :  Noctua  humulS  Lint%> 

Note*— The  type  of  tbifgeofti  tf  the  Earojwan  AuihiiIC,  iodtdftted  by  Kabn«rtTi  tha 
TfinULiDeD,  IflOfi.  Folio  wLng  Dr.  Pr^kArd's  remark  a,  oar  tpoei^A,  thtjugh  oeciLilaaiillf  of 
lQ«reft«ed  tlse,  do  ii<»t  dlfr«r  ircnerleftllf. 

argent^omaculatus  Harr,,  Cat.  Ins.,  Mass.,  p.  T3;  Kep.  Ins.  I^j. 
Teg.,  p*  395*  id.  3d  Ed.,  p.  410,  parti m.  Non  alior.  Ea&terci  States; 
Catskil)  Mtsu  (Mead.);  PeDDfiylrania  (CoU.  Am  Eiit.  Soc.,  Pliila.) 

HoTi.— This  and  the  following  ipect,ci3  have  been  conrriunderl  by  Hnrrtf  ftiu!  PaoJrariS. 

quadrigattatus  (Grote),  Proc.  Ent.  Soc.,  Pbila.,  3,  p.  73,  PI.  1,  fig,  G 
( Gon/opiK) ;  Hep,  arg,  %  Hartis,  Agassi z^  Lake  Superior,  S8H,  PL  7,  fig.  ^  ; 
id.  llep-  Ina.  Inj.  Veg,,  3d  Ed.,  p.  41(3  (foot  note],  fig.  203;  id.  Walk., 
Uiir.  C.  B.  M.,  7,  15.10;  St^t^nopif  arg.  t  Pack.,  Proc.  E.  S.,  Pliila.,  3, 
SM^  GteB,t  Slave  Lake;  Lake  Superior;  Quebec  (Bt^langer)  ;  Sas- 
katchewan« 

NoTB.— Thii  it  a.  lArKer,  more  pinkish,  sALmsm-iMiliireHl  iptH^ies,  wltti  iwnner  <1oti. 

t  purpuraacena  (Pack.),  Joum.  Host  Soc  Nat.  Hist.,  p.  598  (Gor- 
ff&pii);  Pack,,  Proe,  Ent.  8oc*,  PUila.,  a,  p*  B»2  (Sthsji&pi^).  White 
Mountains,  N.  Hamp, 


CJresson.]  —^4  [j^iy  17, 

f  argentatus  (Pack.),  Proc.  Ent.  Soc.,  Phila.,  8,  892  (SthenopU), 
Mas»achusett8. 

Note.— This  is  perhaps  the  true  H.  argenteomaculatut^  as  separated  by  myself. 
Harris  first  notices  apply  to  an  Eastern  species. 

t  Behrensii  (Stretch),  Zyg.  Bomb.  N.  A.,  1,  105,  PL  4,  fig.  ^'iSthe- 
nopis),    California. 

f  montanus  (Stretch),  Zyg.  Bomb.  N.  A.,  1, 105,  PI.  4,  fig.  7  (Sthe- 
nopis),    California,  (Sierra  Nevada). 

hyperboreus  Mosch.,  W.  E.  M.,  6,  129  iEpialus),  Taf.  1,  fig.  1 ;  Hep. 
pulcher  Grote,  Proc.  Ent.  Soc.,  Phila.,  8,  p.  522,  PI.  5,  fig.  8.  Labrador; 
Colorado  Territory. 

f  Labradoriensis  Pack.,  Proc.  Ent.  Soc.,  Phila.,  8,  p.  894.  Labra- 
dor. 

f  musteliniiB  Pack.,  Proc.  Ent.  Soc.,  Phila.,  8,  898.    Eastern  States. 

gracilis  Grote,  Proc.  Ent.  Soc.,  Phila.,  8,  p.  522,  PI.  5,  fig.  4.  Quebec. 

f  CalifomiouB  Boisd.,  Ann.  Soc.  Ent.  Belg.,  12,  p.  85.    California. 

f  hectoides  Boisd.,  Ann.  Soc.  Ent.  Belg.,  12,  p.  85.    California. 


RESULTS  OF  AN  EXAMINATION  OF  AN  EXPLODED  LOCO- 
MOTIVE    BOILER,    AND    OF    EXPERIMENTS     TO 
ASCERTAIN  THE  CAUSES  OF  EXPLOSION. 

By  Dr.  Charles  M.  Crb^bon. 

(i?«ad  hefare  the  American  Philosophical  Society ,  July  17,  1874.) 

The  boiler  was  constructed  of  No.  1  {^g)  boiler  iron,  single  riveted  (with 
the  exception  of  the  junction  of  the  waist  with  the  fire-box,  which  was 
double  riveted) ;  it  was  of  the  ordinary  locomotive  form  with  enlarged 
grate  surface  adapting  it  for  use  with  Anthracite  fuel. 

The  fire-box  had  the  ordinary  fiat  crown  sheet  suspended  from  wrought 
iron  girders  by  means  of  bolts  }  in.  in  diameter,  placed  4^  in.  apart,  the 
ends  of  the  girders  being  supported  upon  the  vertical  sides  of  the  fire-box. 
The  vertical  sheets  of  the  fire-box  were  stayed  by  wrought  iron  bolts 
i  in.  in  diameter,  placed  4  in.  apart,  screwed  into  the  sheets  and  riveted 
at  the  end. 

The  crown  sheet  and  that  part  of  the  boiler  directly  over  the  fire-box 
were  connected  by  stay-rods. 

The  engine  had  been  run  upon  a  siding  to  pull  out  a  train  of  cars, 
which  train  being  heavier  than  was  ordinarily  pulled,  the  steam-blower 
was  applied  for  the  purpose  of  increasing  the  intensity  of  the  fire  and 
generating  steam  of  n  higher  pressure  than  was  usually  employed.  But 
when  preparations  for  starting  were  completed,  it  was  found,  upon  refer- 
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enc«  to  the  time-table,  that  the  engiDe  would  Lflve  to  remain  upon  the 
siding  until  an  expected  passenger  train  had  passisd.  The  en^neor  then 
left  th^  eni^ine,  hiiving  first  atopi>ed  off  the  steam-blower  and  obsorTed  a 
Bteam  prea^iure  of  about  00  lbs.  per  square  inch. 

The  boiJer  exploded  l>etweeu  ten  and  twenty  minutes  after  the  engineer 
had  left  it.  The  tireraanj  who  had  l>eeii  cleaninjt;  the  valves  of  the  t^and* 
box,  waa  at  work  upon  the  engine  when  the  explosion  took  place*  aitd 
when  last  seen  wa»  standing  upon  the  left  Me  of  tbe  engine  near  the 
doBkey*pump,  which  was  used  to  supply  the  boiler  with  water  when  the 
eogioe  wiis  upon  tlie  sidings  The  portion  of  the  boiler  immediately  over 
And  boek  of  the  crown-sheeta  of  the  flre-boXf  and  Including  the  back 
dome,  was  blown  off  bodily,  the  line  of  fractnre  passing  indiscrimioateljf 
tbrougb  the  mnm^  and  across  the  sheets. 

The  seams  not  torn  apart  were  strained  in  some  places  as  mtiob  as  |  of 
an  inch  and  opened.  The  tire-box  was  blown  backwardi,  carrying  with 
it  the  back  tube-sUeet,  The  remaining  portion  of  the  waist  of  the  boiler 
and  the  engine  were  driven  forward  alontj  the  track,  the  tubes  remaining 
fast  in  the  forward  tube-sheet.  An  examination  of  the  fire-box  showed 
the  crown-sheet  to  have  been  forcecl  violently  doivn wards,  one  edge  crush- 
ing the  aide-sheeta  of  tlia  fire-box,  the  other  edge  and  the  ends  of  the 
crown^sheet  remaining  nearly  in  place. 

Every  stay  that  was  displaced  was  either  fairly  broken  or  drawn 
throngh  the  sheets.  There  were  no  signs  of  undue  pressure  upon  any 
joint  or  part  of  tbe  remaining  waist  of  the  boiler,  excepting  at  the  line 
of  rnpture. 

The  iron  in  every  part  of  the  boiler  appeared  in  good  condition,  without 
aigus  of  burning  or  hf^ating^  except  in  one  lower  corner  of  the  fii^e-lHix, 
which  pail,  howev^er,  was  not  ruptured  or  aHected  by  the  explosion.  Tibial 
pieces  of  the  iron  cut  from  aev*iral  parts  of  the  fire-box  and  waist-sheeta 
exliibited  good  fracture,  the  lowest  tensile  strength  found  was  51,000  Ibn. 
to  the  square  inch. 

After  a  careful  examination  of  the  wreck,  and  of  tbe  results  of  my  own 
experience,  I  have  arrived  at  the  conclusion  that  the  explosion  of  thia 
boiler  was  caused  by  the  projection  of  water  upon  the  heated  crown  sheet, 
Tbe  crown-sheet  of  the  furnace  was  most  probably  heated  to  a  tempera- 
ture of  between  500^  and  QOQP  Ft.,  in  consequence  of  a  neglect  to  keep 
the  water  in  the  boiler  at  the  proper  height. 

This  temperature,  not  sufticient  to  produce  a  spheroidal  state  of  the 
water  thrown  npon  the  crown-sheet,  allowed  of  enough  heat  to  be  stored 
up  and  given  out  suddenly  to  cause  steam  of  very  high  pressure  to  be 
instantly  generated,  so  that  the  rear  portion  of  the  boiler  was  blown  to 
pieces  befoi*?  a  sufiicient  time  had  elapsed  to  allow  of  the  distiihution  of 
the  expansive  force  throughout  the  waist.  By  reference  to  the  restilts  of 
experiments  detiiled  in  the  following  paragraphs^  it  will  be  seen  that  an 
avevthge  of  ^%\  of  an  inch  of  depth  of  wnter  over  the  crown*sheet  could 
readily  be  converted  into  steam  in  one  second  of  time,  and  would  produce 
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a  pressure  of  over  570  lbs.  per  square  inch  in  addition  to  that  already 
existing  in  the  boiler. 

The  sudden  opening  of  any  outlet  of  pressure,  such  as  the  safety-valve, 
throttle,  whistle,  blower  or  steam-cock  to  the  donkey-pump,  would  pro- 
duce a  foaming  or  disturbance  of  the  water-level  in  the  water-space 
surrounding  the  fire-box,  causing  the  water  to  flow  over  the  crown-sheet 
in  an  amount  quite  sufficient  to  account  for  the  disaster  under  the  con- 
ditions indicated. 

To  illustrate  the  rapidity  of  the  explosive  force,  let  us  suppose  the 
upper  sui*face  of  the  crown-sheet  of  the  fire-box  to  have  been  covered 
with  gunpowder  to  a  depth  equal  to  that  of  the  water,  which  we  have 
shown  could  have  been  evaporated  by  it.  If  this  powder  were  ignited  in 
the  ordinary  way,  it  would  require  from  half  a  second  to  two  seconds  for 
its  complete  combustion,  according  to  the  quality  of  the  powder,  whereas 
an  equal  quantity  of  water  thrown  upon  the  crown-sheet  could  be  con- 
verted into  steam  in  less  than  one  second,  the  resulting  volume  of  vapor 
being  nearly  equal  in  both  cases. 

Careful  examination  of  the  quality  of  the  iron,  and  of  the  plan  of  con- 
struction of  the  boiler,  have  convinced  me  that  the  boiler  was  amply 
strong  for  the  purposes  defigaed.  I  am  of  the  opinion  that  the  disaster 
occurred  directly  and  solely  from  a  neglect  to  keep  the  water  within  the 
boiler  at  its  proper  level. 

The  tests  and  experiments  made,  upon  which  the  foregoing  opinion 
was  founded,  are  as  follows  : 

A.--TE8T8  OP  Strength  op  Iron. 

Test  pieces  cut  from  the  worst  looking  part  of  the  side-sheet  of  the  fire- 
box gave  the  following  results  : 

a, — With  the  length  of  the  sheet.    Dimensions  of  breaking  section  : 

Thickness ,, 0.302  inch. 

Width 0.402     " 

Original  length  of  piece 2.800     ** 

After  fracture 2.943     " 

Length  of  section  extended 1.000     '^ 

Extension  . .  i 0.143     " 

Breaking  wt.  per  sq.  in 54,300  lbs. 

b  — Cut  across  the  sheet.    Dimensions  of  breaking  section : 

Thickness 0.308  inch. 

Width 0.409     " 

Original  length  of  piece 2.790     ** 

After  fracture 2.890     ** 

Extension 0.100     •« 

Breaking  wt.  per  sq.  in 51,200  lbs. 

Length  of  section  extended 1.000  inch. 
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B*— ExPEKriiKNTB  Upo^  Hot  Platies. 

F&m|>l  &  employed  were  cut  from  the  crown-sheet  bars  of  the 

^  explode  f1  btiUer.    To  ascertain  their  speclAc  heati  and  the  ^moaot  of  heat 

they  wetv  capAble  of  imparting  to  watfr  in  n  given  time,  the  samples  were 

heated  in  a  mercury  hath  at  various  temi>craturea,  and  then  plunged  into 

A  weighed  amount  of  water  and  the  rise  of  temperature  C4refuily  ascer- 

I  tallied  by  a  thermometer  gntdu^ted  to  i\,'-  Ft* 

To  ascertain  the  amount  of  heat  imparted  by  the  iron  in  a  given  time, 
bmples  were  itumeried  by  ^eeuring  them  to  a  cross-arm  Oxed  to  a, 
hea^*  pendulum  of  such  length  a«  to  vibrate  in  the  deait«d  time  and 
averaging  the  results  of  many  observatiouB* 

As  these  e^rperimenta  were  to  aeoertain  the  lowest  probable  capacity  of 
the  iron  in  the  crown-thect  for  storing  and  giving  out  heat,  no  grenl  care 
WJiK  taken  to  prevent  ra<liJition  of  heat  from  the  iron  in  its  passjige  from 
the  mercury  bath  to  the  wate^  nor  of  radiation  fn>m  the  water  bath  dur- 
'  Ing  the  experiment ;  the  results  do  not,  therefore,  by  any  means,  express 
the  fill]  amount  of  beat  to  be  derived  from  tbe  siimples. 

Calculations  of  the  amount  of  ateam  generated  in  a  given  time  by  iron 
under  the  conditions  stated,  must  therefore  fall  short  of  the  practical 
Btlhct  produced,  and  if  the  conditions  assumed  for  experiment  show  that 
steam  could  have  been  getMrated  In  sufiieient  quantity  aud  with  sufficient 
rapidity  to  have  destroyed  the  boiler,  we  can  safely  conclude  that  the 
actxiat  destructive  eflect  wa*  greater  than  that  expressed  by  our  results. 

The  apeciJic  heat  of  iron  is  gi^en  in  the  tables  at  an  average  of  fKl200 
that  is,  that  eight  times  as  much  heat  is  required  to  raise  one  pound  of 
water  through  a  given  number  of  degrees  as  will  suffice  to  raise  one 
pound  of  iron  through  a  similar  number  of  degrees.  For  example,  8  lbs, 
>  of  irou  h>Bing  irn>-  Ft.  of  tempemture  will  elevate  the  temperature  ol  1  lb, 
of  water  UKP  Ft,     By  the  formula  : 


Wt  of  Water  f'^^'^P'   ^^  Water— Temp,   of  Water 
VbefoTC  immersiQU      after  immersion 


Wt,  of  Iron 


/Temp,    of    Iron  - 
'  before  inimeraion 


-Temp,     of    Iron  \ 
after  immersion    ' 


=S. 


I  have  determined  tbe  specific  heat  of  the  sample  of  iron  cut  from  the 
boiler  to  he  O.HS  at  a  temperature  of  212'-  FL,  aud  as  it  is  considembly 
greater  at  higher  temperatureSf  I  have  therefore  assumed  it  to  average  i 
that  of  water. 

Ex  pe  rime  Ota  made  with  gunpowder  to  aftcertain  the  rapidity  of  explo- 
lion,  «bf>wed  that  with  variouis  kinds  of  gunijowder  the  time  required  for 
complete  ignition  of  a  thin  stratum  tyt  powder,  spread  OTer  a  surface  equal 
to  the  area  of  the  crown-sheet,  when  ignited  at  one  edge  only,  varied  from 
one-qnirtcr  of  a  second  to  one  and  a  half  seconds  ;  and  as  the  destructive 
eflects  are  most  impressive  to  the  popular  mind,  they  serve  to  illustrato 
tbe  ult'ei;ts  that  can  be  produced  by  converting  water  into  iteam  &a  tb& 
iiMrease  lo  volume  is  about  the  same,  that  is,  HOG  volumes  of  vapor  are 
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prodaced  by  the  combustion  of  gunpowder,  and  1700  volumes  of  vapor  of 
atmospheric  tension  are  generated  by  the  conversion  of  water  into  steam. 
The  experiments  alluded  to  of  immersing  a  sample  of  the  iron  whilst 
heated  into  water,  were  made  chiefly  with  a  sample  weighing  2,914  grains 
heated  to  a  temperature  of  500O@520O  Ft.,  and  immersed  in  a  body  of 
water  weighing  29, 140  grains  (ten  times  the  weight  of  the  iron).  Some 
of  the  results  were  as  follows  : 

Time  of  immersion 1  second. 

Expt.  No.  1,  rise  of  temp,  of  water 2.90  Ft. 

it        <<    2      ***  **  "     2.7^    ** 

it  tt    g       (i  n  it     2.8®     ** 

<«        **    4,     **  **  **     2.8^     ** 

it        **   5      "  "  *<     2.7^    " 

«        «    6,     "  "  **    2.8^    " 

a  <«    7       ((  it  it      2.90      " 

a  <<    8       **  **  **      2.9^      ** 

a  <<    9       (i  (.  ((      2,70      ** 

Average 2.8^  Ft 

Or  2,914  grains  of  iron  were  capable  of  imparting  28^  Ft.  to  an  equal 
weight  of  water  in  one  second  of  time. 

The  weight  of  the  crown-sheet  was 300  lbs. 

Bars  and  studs  attached  was 810    ** 

Total 1 1 10  lbs. 

This  mass  of  iron  could  therefore  impart  28^  Ft.  to  1110  lbs.  of  water 
in  one  second  of  time,  or  could  have  converted  82  lbs.  of  water  into  steam. 
For  an  example,  let  us  suppose  the  crown-sheet  and  bars  to  have  been 
heated  to  a  temperature  of  514^  Ft.,  and  that  we  have  flowed  over  it  an 
amount  of  water  sufficient  to  reduce  the  temperature  of  the  iron  to  423^ 
Ft.,  corresponding  to  a  pressure  of  steam  of  300  lbs.  to  the  square  inch, 
and  which  suddenly  added  to  the  pressure  already  existing  in  the  boiler 
must  severely  try  the  boiler,  if  not  tear  it  apart. 

Then,  Temp,  of  Iron 5140  Ft. 

Reduced  to 423©  Ft. 

Fall  of  temperature 91^  Ft. 

Then  1,110X91  =101,010  units  of  heat  given  out  by  the  iron;  this 
divided  by  8  ==12,626  lbs.  of  water  heated  lo  Ft.,  and  this  divided  by  the 
latent  heat  of  steam  at  423^  Ft ,  plus  the  difference  between  the  sensible 
heat  at  90  lbs.  and  at  300  lbs.  =  913.  gives  13.8  lbs.  of  water  as  the  amount 
converted  into  steam  at  800  lbs.  pressure. 

The  area  of  the  crown-sheet =22  sq  ft.  this  amount  of  water  (13.8  lbs.) 
would  cover  it  to  a  depth  of  0.12  inches,  and  when  expanded  into  steam 
of  one  atmosphere  of  tension  would  occupy  a  space  equal  to  a  prism 
having  the  crown-sheet  for  its  base  and  204  inches  in  height.     The  aver- 


ftipe  stoaiii  spaoe  aboTe  the  crown-sheet  is  10  tnchcs,  and  &d  isoin^riuleii 

ot  tU^  304  itjche*  of  ?ite*iTu  into  10  inehos  would  ^ve  a  pressure  of  20*2 
iitmiiAph4sre^  or  nm  lbs*  per  srinai^  iiicb  mometitai-ily  added  to  thai  of  90 
Ihft.  already  e%iatiug  itj  the  boder,  Tlie  cross^seetion  of  tli©  strain  nhove 
iho  crown*shGGt  is  42  iQcbeB.  Thickn#s®  of  Ibe  it-oa  />  of  an  inch,  or  total 
section  of  iron  to  he  broken  J  of  an  inch.  Breaking  weight  from  ei^perl* 
iiient^^4.4iK)  lbs.  p«r  aq*  in. 

_,        y%Qai^  m  i  )  Breaking  sirain  of  perfectly  »tayed=  -  ^^^^-  810  ponnds 
f  1       I     pel*  sq-  ia< 

Beducllng  20  per  c<?nt.  for  rivets  — G48  Iba.  per  sq^  in.,  or,  a^ccording  to 
li'airhain^  deducting  44  ptsr  cent,  for  single  riveted  joints -454  lbs.  for 
hit  re  ting  strains^ 

Let  ua  now  suppose  thi?  crown-Bbeet  and  bars  to  bave  l>een  heated  to 
a  temperature  o(  50«l-  Ft.,  and  to  be  reduced  to  485^  Ft.,  the  lots  of  tern* 
perttture— 175'^  Ft.  Then  1T5  .<  1|  110  =  194,250  heat  unit#,  or  -t-  8  = 
24,281  lbs,  of  water  heated  l*^  Ft. 

Sensible  heat  of  steam  at  570  lbs.  =  .,,.•,.*.*.,..,*  48,1^ 
"  »*  **  aOlbs.  ^ .,,,.. 33,^^ 

Difference .. , . - 150^ 

This  added  to  the  latent  heat  of  steam  at  570  Ibfl.  =  (777<>  +  150O  =  ? 
937-  an  the  units  of  beat  necessary  to  convert  water  at  335^  Ft.  into  steam 
at  485^  Ft. 

Tlieii  34»291  -^  927  =  26  J9  lbs.  of  water  converted.  This  amount  of 
water  would  cover  the  orown-sbeet  to  a  depth  of  0.328  inches,  and  woidd 
yield  an  amount  of  steam  of  atmoapberie  tension  sufficient  to  occupy  a 
space  equal  to  a  prism  baring  the  crow n*sbeet  for  its  base  and  3!^ 7  inches 
in  height. 

When  com  presided  into  a  height  of  10  inches  this  steam  would  sud- 
denly add  a  pressure  of  HH  atmospbei^ea  or  570  lbs.  per  square  inch  to  the 
previous  pressure  of  00  Ibi,  jier  square  inch,  acd  would  give  a  total 
pressure  exceeding  tbe  648  lbs.  per  square  inch  in  the  maximum  of  force 
necessary  to  tear  tbe  boiler  apart^  as  derived  from  eitperimental  tridli  of 
tbe  utrength  of  iron. 

I  have  endeavored  by  experiment  to  fix  the  teniperatufe  at  which  iron, 
with  Ruch  a  ©urfiice  a^  tliat  from  this  boiler,  will  pri>dttce  a  esphemidAi 
state  \Q  WAter  flowed  upon  it.  When  tbe  samples  of  iron  were  floating 
upon  botlmg  mercury  (663^^  Ft.)  they  failed  to  repel  the  water  but  con- 
verted it  rapidly  into  steam. 

The  s()ecitlc  heat  uf  iron,  at  high  temperatures,  averagiag  about  0,1*^2, 
and  lEsspceiflc gravity  7.8,  we  can  assume  tliat  an  iron  plate  will  raise  the 
temperature  of  a  stratum  of  water  in  contact  with  *iue  snrfaee,  and  of  its 
own  thickness  in  depth,  1^  Ft.  for  every  degree  that  it  loses  in  tcmijcnu 
ture,  or  that  it  will  eanvert  about  ra^o^  of  that  amount  of  water  at  tbe 
boiling  point  into  steam  of  high  tension. 
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The  eromi-shefit  of  tU©  furnace  of  this  locoraotiTev  with  it*  etays  and 
girdtsrs^  weighed  1,110  lbs,,  and  liiid  n  Burface  of  2:2  square  feet,  tliit  g-ivea 

a.  mass  of  iron  equal  to  an  average  of  nuA'i  Ibsi.  per  aqaare  foot»  or  an 
averJige  tbicktMJsa  of  L  ?3  incbes  of  innt  plate* 

BucU  a  platt!  could  therefore  raise  a  fclratnm  of  water  L23  incliea  in 
depth  1-^  Ft  f^r  every  K  Ft*  of  temperature  lost  by  the  iron,  or  wonld 
convert  a  stratum  of  water  0,(W123  inch  in  depth  into  steaiu. 

In  onr  second  example,  w©  aupposed  the  temfientture  of  the  iron  to 
have  fallen  from  flCO'^  Ft.  to  4t?5-  Ft.^  a  losi  of  17r>'-  ;  thia  would  give  us 
0JXH23  X  I "5  =  0.31525  inch  as  the  depth  of  water  converted  into  steam* 
and  whitih.  undor  the  conditiouB  slated,  would  give  a  pressure  of  nearly 
37  atmoaphi.*res  iu  addition  to  that  already  exi»titig  within  the  boiler  hy 
the  traufifer  of  heat  from  the  iron. 

Thitt  load-t  to  the  conclusion  that  the  substitution  of  a  erown-nheet  ^\ 
inch  thick »  stayed  without  girders,  would  retpui-e  the  contractiou  of  the 
space  between  the  crown- sheet  aiid  the  roof  of  the  boiler  to  an  nverage  of 
2f  iuehe*f,  to  allow  of  the  sudden  production  of  a  prefi&nre  of  iteam  equal 
to  that  capable  of  development  in  a  boiler  constructed  as  waa  the  on<s 
exploded,  or  the  effect  of  an  equally  overheated  crown- sheet  would  lie 
reduced  to  \  of  that  which  would  otherwise  have  been  produced, 

That  stiEh  ie  the  fact  was  clearly  sliown  by  the  result  of  a  ncent 
acQidejit  to  another  locomotive  in  which  the  crown-sheet  was  simply 
forced  down,  as  by  a  gradual  increment  of  presiiure  tearing  out  the 
sL^y*bo!t  and  permitting  the  $tciam  and  water  to  escape  into  the  fire- 
box  and  extinguiah  the  fire  without  further  iJijury  to  the  boiler  or  engine. 

C— Level  of  Water  in  BatLins.    (How  AffkctkdO 

Tbera  are  several  oonditious  under  which  an  engineer  may  be  deceived 
as  to  the  level  of  the  water  in  the  boiler  of  a  locomotive-engine.  The 
most  important  are  : 

U  Priuiiug  or  ria©  of  water-level. 

2.-  Changea  of  grade. 

^,  Variations  ia  the  speed  of  the  engine. 

In  all  boilers  the  level  of  the  water  is  somewhat  raised  whenever  «te«ii 
ia  taken  off.  The  auiouut  of  the  rise  is  varied  by  the  rapidity  with  whioh 
steam  is  conveyed  away  :  the  fortn  of  the  boiler  and  the  manner  In  which 
heat  U  applied  for  the  production  of  »team. 

In  boilers  iu  which  there  are  narrow  water  spaces  aunrounding  th«  lli-o- 
box,  and  tho^i*  in  which  heat  la  conveyed  to  the  water  locality,  that  i»^ 
the  heating  surfaces  are  small  in  extent  as  compai-ed  with  tr  e  whole  vol- 
ume of  water,  nni  are  very  hot,  the  lift  of  the  water  is  very  considerable 
whenever  au  outlet  for  steam  is  o|>ened^  amounting  iu  some  in!»ta.nee«  to 
B^  much  as  12  and  14  inches. 

In  ordinary  locomotive  boilers  the  rise  upon  npeulng  the  throttle  nr 
safety* valve  averages  alniut  4  incbes> 

The  preseu<5e  of  oil  iu  tht*  boiler  greatly  inoreaaee  iho  fontiiing.    The 
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iiit!aaiioi»  of  cliinges  of  grade  is  nmiij  considered  bj  locnmotiTe  engixi^rv* 
Tlie  change  from  a  level  road  to  ao  ascending  grade  of  HK>  feet  per  laili 
wouUt  cause  the  water  in  the  boiler  to  How  back  to  the  fire*boi  end  ao  a«  ' 
to  raisa  the  water-level  about  1 J  inoheap  depresfiing  the  water*level  for- 
ward by  the  same  amount  or  a  total  variation  of  3 J  inches. 

If  the  level  of  the  water  be  found  at  the  top  gauge  whikt  the  engine 
is  running  with  unvarying  veloeitj  up  a  grade  of  100  feet  per  mile,  and 
the  exigitk^  be  stopped  upOQ  a  descending  grade  of  100  feet  per  mile,  the 
actual  level  of  the  water  over  the  crown-sheet  of  the  fire-bo j£  would  be 
li^  inches  IhsIow  the  top  gauge-cock. 

If  the  first  observa-tioni?  had  indicated  one  gauge  of  water  only,  the 
actual  level  of  the  water,  after  the  engine  had  been  stopped  on  tJie 
deBci^nding  grade,  would  be  far  below  the  level  of  the  crown-sheet* 

From  ob^rvationa  made  upon  an  en|^ine  by  means  of  a  glass  gauge 
on  the  water  column,  I  have  fouud  that  the  water- level  is  gi^eatly  dis-  | 
turt^d  during  the  ruuuing  of  the  engine  by  every  change  of  speed* 
Whilst  at  rest  the  water  surface  is  level  ;  upon  starting  the  engine 
the  water  does  not  take  up  the  motion  immediately,  but  is  crowded  to  the 
back  part  of  the  boiler,  and  remains  so  in  a  f^i^ateror  less  degree  until  the 
motion  is  checked,  when  the  water  at  first  liecomes  level  and  then  crowds 
towards  the  front  end  of  the  boiler  until  the  engine  is  stopped,  when  its 
surface  beoomes  level.  Running  at  a  speed  of  about  2i>  miles  an  hour, 
first  forward  and  then  backward,  the  variation  at  the  water-level  was 
about  four  inches. 

A  record  baa  been  made  of  the  effect  of  injecting  fresh  water  Into 
boilers  ooatajntng  hot  concentrated  solutions  of  various  salts ;  hut  as 
analysis  of  the  water  supplied  to  this  engine  show  that  they  contain  but 
a  moderate  percentage  of  salts  tn  solution,  it  is  unnecessary  to  give  the 
results  of  the  experlmt^nta,  as  the  efieot  produced  in  practice  would  add 
but  little  to  the  destructive  forces  already  fully  explained,  and  which  ai'e 
of  themselves  more  tlian  sufficient  to  account  for  cjcplosions  under  the 
conditions  stated. 


AN  OBITUARY  NOTICE  OF  CHIEF  JUSTICE  JOHN  MEREDITH 

READ. 

By  Eli  K,  Price. 

(Be^id  before  the  Atnerkan  Philoiophical  So^i&t^,  Deccmher  18,  1674.1 

II  is  within  the  sc  jpe  of  our  comprehensive  charter  to  oomm  em  orate 

the  life  aud  character  of  our  deceased  members.  To  do  so  is  tc>  promote 
knowledge,  and  to  render  service  to  science  and  society.  It !»  thus  the 
dt^ad  shall  jet  speak,  and  through  our  press  speak  to  the  most  inteliigeni 
of  the  civilised  world,  and  to  such  in  future  times. 

He  whose  memory  we  would  perpetuate  to-night  was  a  most  diligent 
student  and  able  administrator  of  the  science  of  jurisprudence;  that 
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science  without  whose  protection  no  other  science  could  be  cultivated ; 
nor  civilization,  or  happiness,  be  maintained  among  mankind. 

John  Meredith  Read,  LL.  D.,  a  member  of  this  Society,  died  on  the 
29th  of  November,  1874.  He  was  son  of  John  Read,  a  former  Senator  of 
this  State,  a  member  of  the  Bar,  and  a  long  time  President  of  the  Bank 
of  Philadelphia ;  and  a  grandson  of  George  Read,  a  signer  of  the  Dec- 
laration of  Independence  and  the  Constitution  of  the  United  States ;  and 
Chief  Justice  of  the  State  of  Delaware.  Our  fellow  member  was  bom 
in  this  city  July  21,  1797,  graduated  at  the  University  of  Pennsylvania, 
A.  B.,  in  1812 ;  was  called  to  the  Bar  in  1818.  He  was  elected  to  the 
House  of  Representatives  of  this  State  in  1822  and  in  1823.  He  was 
afterwards  City  Solicitor  and  member  of  Select  Council,  and  in  the  latter 
capacity  drew  up  a  full  and  connected  account  of  the  finances  of  the  city. 
Yet  later  he  was  successively  District  Attorney  of  the  (Jnited  States,  and 
Attorney-General  of  the  State  of  Pennsylvania.  An  enumeration  of 
numerous  pamphlets  containing  his  reports  and  arguments  may  be  found 
in  the  second  volume  of  Allibone*s  Dictionary  of  Authors,  under  his 
name. 

Long  before  his  elevation  to  the  Bench  Mr.  Read  stood  among  the 
leaders  of  the  Bar  of  Philadelphia,  at  a  period  when  it  was  greatly  dis- 
tinguished; when  his  cotemporaries  were  the  Sergeants,  Binney,Chauncey, 
the  Rawles,  the  Ingersolls,  Williams,  Meredith,  and  other  eminent  coun- 
sellors and  advocates.  His  arguments  can  be  here  described  but  by  their 
general  characteristics.  These  evinced  the  most  careful  and  thorough 
preparations,  both  as  to  facts  and  Uw,  with  an  ample  brief  written  by 
his  own  hand.  From  this  he  spoke  with  great  earnestness  and  power, 
with  a  strong  voice.  His  own  strong  conviction  preceded  and  was  potent 
fur  the  cdnvincement  of  court  and  jury.  You  never  perceived  that  he 
spoke  because  he  was  employed  to  speak,  but  because  he  felt  it  his  duty 
to  speak  ;  and  he  no  doubt  did  generally  speak  according  to  his  actual 
conviction. 

In  the  celebi-ated  trial  of  Hanway,  in  1851,  for  treason,  Mr.  Read  was 
engaged  with  Thadeus  Stevens  and  J.  J.  Lewis  for  the  defendant.  His 
preparations  for  that  trial  were  thorough,  and  the  defence  was  masterly 
and  successful.  In  preparation  he  studied  the  slave  laws  of  the  South, 
and  the  law  of  treason  as  held  in  England  and  the  United  States.  Mr. 
Stevens  afterwards  said  of  that  argument.  '*This  speech  was  never  fully 
reported  ;  if  it  had  been  it  would  have  settled  the  law  of  treason  in  the 
United  States  for  a  century.  ^'  The  alleged  treason  consisted  in  defending 
fugitive  slaves  from  capture.  Hanway  violated  the  law,  but  did  not  levy 
war  against  the  United  States  ;  therefore,  did  not  commit  treason. 

Though  Mr.  liead  belonged  to  the  Democratic  party,  he  always  had  a 
repugnance  to  slavery ;  and  when  the  Missouri  Compromise  was  annulled, 
and  that  party  sought  to  extend  slavery  over  the  territories,  it  was  of 
necessity  that  he  should  soon  leave  it  for  the  "Free Soil"  movement.  In 
a  Democratic  Convention  held  in  Pittsburgh,  in  1849,  he  ofiered  a  resolu- 
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tion  i gainst  the  eitension  ot  slavery,  wbich  condiided  in  the««  words: 
"  Esteeming  it  a  vioUtiaQ  of  State  Riglita  to  Ltarry  it  bejond  Sti*te  limitf ^ 
we  tteny  the  power  of  any  citizen  to  ex t<*nd  the  area  of  bondage*  beyotid 
its  i>rt\'*ent  liomiuiou  ;  nor  do  we  consider  it  a  part  of  the  Constitutiou 
that  slavei7  should  forever  travel  with  the  advancing  column  of  onr  ter^ 
ritorial  progress,'*  From  that  time  he  beeame  the  zealous  op^Kinent  of 
the  slave  power;  and  when  tlie  time  G4Tne  to  form  the  Republt*^n  party- 
be  was  preptired  for  the  workt  and  from  the  flrdt,  and  always,  was  a  tup- 
porter  of  its  principles  and  policy. 

Even  on  the  Bench  political  and  Constitnlional  qnestiona  will  arise 
which  judgei  must  decide,  and  will  decide  according  tti  their  poUtical  con- 
victions ;  and  thi*  hapi>ened  several  times  during  the  war  of  the  rebellion, 
when  it  wa»  in  the  jiower  of  the  Courts  £«noui»ly,  if  not  disastrously,  to 
hamper  the  aetion  of  tlje  Nation^i-l  Executive  and  Congressj  for  the  sup- 
pression of  the  rebellion.  In  t!io»e  C4tses  Judge  Road  was  one  of  Uie 
majority  of  three  wlio  uniformly  aus  ained  the  ac^^of  Congress  and  the 
measures  of  the  Government  to  suppress  the  rehellion* 

When  the  subject  of  consolidating  the  many  corporate  distf  icts  round 
the  old  Philadelphia  of  two  square  miles  inb>  one  enlarged  city*  during: 
the  middle  years  of  this  century,  was  agitated,  Mr*  Read  was  an  eameat 
advocate  for  that  measure.  Tbough  he  took  no  part  in  framing  Ihe  new" 
eharterj  he  had  prepared  atati^tic^  of  population  and  rmanc«.'»,  wlvich^ 
with  the  inrtaence  of  bis  name,  were  important  to  help  carry  the  meiisure^ 
with  tUo  people,  and  the  bill  in  the  Legisluture, 

Mr  Read  was  elecied  a  JuMtice  of  the  Supreme  Court  of  Pennsylvania 
in  October,  li^5S,  and  commissi  out  d  for  fifteen  years  from  the  first  Mon* 
day  of  December  of  that  year.  Jle  entered  upon  the  discharge  of  his 
judicial  duties  with  an  earnest  zeal,  and  performed  his  fuH  ahai'^  of  the 
onerous  duties  of  the  Court,  with  exceptions  when  prostrated  by  ill 
health ^  His  opinions  are  peculiarly  characterized  by  a  full  history  of 
matters  having  a  bearing  upon  the  cause,  and  the  full  citation  of  judicial 
authorities  applicable  to  the  case.  The  act  of  1310,  prohibiting  the  read- 
ing of  British  precedents,  had  been  repe  »led  in  1836 ;  so  that  all  the  in- 
vestigations and  learning  of  Uie  British  Courta  were  at  the  service  of 
counsel  and  the  Court.  Judge  Read,  who  always  desired  the  fullest 
light  upon  the  subject  of  dooiSEion^  made>  while  at  the  Bar,  and  expected' 
as  a  Judge,  a  full  citation  of  the  relevant  authorities  by  the  counsel,  and 
h9  carefully  availed  himself  of  all  tliat  could  a^^siat  the  judgment  of  the 
Court,  His  opinions,  therefore^  were  full  of  learniug,  and  be  brought 
into  onr  courts,  from  England  and  the  other  States,  views  and  principies 
that  without  him  would  not  have  enriched  our  law.  11  is  library  was  ex- 
tensive, and  he  kept  it  furnished  with  tbe  latest  publications ;  that  i^^. 
with  the  most  recent  editions  of  elementary  law,  and  the  English  Reportai 
and  those  of  other  St^ates,  as  fast  as  they  came  from  the  press. 

The  opinions  of  Judge  Read  ran  through  forty-one  volumes  of  the 
Reports ;  that  ia,  from  the  32d  to  the  7M  volume,  both  inclusrve,  of  our- 
A,  r.  a*— vot*  xtw  %t 
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State  Reports*  In  tlje  (ii^t  of  them  wis  And  Hie  evidence  t»f  Uia  ardent 
love  of  jiislio*,  in  the  severe  repnihutioD  itf  aoyooe  being  reTiiuvetl  fiom 
olMce  without  notice  of  the  charge h  made  ugain^t  him,  and  an  <ip|>t>i- 
tunity  of  being  bciird  iu  hift  defence.  (a3  *5t*  R*  415*,}  lo  tht*  aec  ud  c»f 
them  he  di" liters  th^  opinioo  of  the  Court  on  the  will  of  Btephen  Girsird, 
which  decides  the  city  of  two  square  UQiIea  to  be  that  preferred  in  the 
^missiiin  of  b^^ys  tu  the  College,  'Mid  thfit  a  fiitherles^  child  ib  an  orphan 
within  the  intent  of  tlie  will,  though  the  nm  her  be  UHng.  It  gives  the 
early  history  of  Philadelphia;  rcft^rs  U^  the  cnstoms  of  London  ;  with  a 
brief  biography  of  Girardj  and  then  he  interprets  his  will,  with  thf  aid 
of  lexicons,  and  Biblical  and  legal  authorities. 

Judge  Read  was  always  strict  in  hii  rrquirementa  that  truit-ees  should 
faithfully  execute  tlieir  trusts,  both  as  respects  the  selection  of  the  proper 
objects  of  investment,  and  as  to  proper  care  in  making  them.  {M  St  Hp 
100.)  ^V^hile  he  favored  tlie  cri-ation  of  tru-ts  for  proper  purposes,  be 
wa^  stern  in  the  protection  of  trust  property  from  insecurity  and  loss* 
1 40  St  R.  404  ;  41  St.  R.  505 ;  51  St.  R.  m2.} 

As  to  the  i>ower  of  the  United  States  to  levy  troops^  he  held  that 
**  Every  citisseu  is  boutid  to  serve  and  defend  the  State  as  far  as  he  Is 
capable.  No  person  is  naturally  exempted  from  taking  up  arms  in 
defence  of  the  State ;  the  obligation  of  every  member  of  society  being 
the  same.  Those  atone  are  exempted  who  are  incapable  of  handling 
armif  or  supporting  the  f^^tigues  of  wan  This  is  the  reason  why  old 
men,  children,  and  women  are  exempted/'     (45  St,  K,  2B5.) 

His  opinion  was  poteniud  with  members  of  Congreas  to  induce  the  paiJ- 
^age  of  the  act  of  Congress  of  March  3d,  1803,  authorising  the  President, 
during  the  rebellion,  to  suspend  th»?  writ  of  habeas  corpus,  A  l«>tter 
from  Senator  Sumner  declared  his  argument  eoncluaive,  and  it  was  effec- 
^ii'e  in  pasaing  the  act* 

The  labors  of  the  Judge  were  mostly  in  the  well  trodden  hie^hways  of 
the  laWp  and  his  merit  consists  mainly  in  knowing  well,  and  keeping  to 
that  beaten  track.  The  charm  of  novelty  and  new  discovery  are  seldom  to 
reward  the  industry  i>f  the  Judge.  The  merit  of  adherence  to  precedents 
will  he  easily  understood  by  the  layman  who  has  invested  the  earnings  of 
las  life  on  the  opinion  of  counsel,  which  opinion  must  be  based  on  judieitil 
decisions^  if  succeeding  judges  can  declare  the  law  to  be  otherwise  tliaa  it 
had  been  hold  ;  for  such  decision  pronounces  the  law  for  the  past  lls  well  as 
for  the  future,  and  the  citizen  may  thun  lose  the  law  that  protected  his  Utlo 
by  the  decision  of  a  PAinm  in  which  he  was  not  heard.  Judge  Read  wna  a 
faithful  adherent  to  eatabHsbed  precedent,  and  henc«  wa«  an  eminently 
safe  and  confiervative  judge. 

This  is  not  the  plaoe  to  en uni crate  the  many  contributions  made  by 
him  from  the  great  treasury  of  Butish  and  American  law,  to  the  body  of 
the  law  of  Pennsylvanlfti  A  notioe  of  a  few  of  tboio  must  suffice  for  an 
estimate  of  the  value  of  the  judicial  service«  of  Judge  Read*  The  pro- 
fession and  the  public  are  indebted  to  him  for  the  first  step  made  for  the 
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flieitri^  of  title,  unJer  our  modem  acts  of  limit^ticiD.  in  holding  « beo 
Mtfcuig  alone,  th^t  a  purchaser  will  be  compelled  la  equity  to  tiike  »  titlo 
depf^Ddenl  upon  the  statutes  of  Umitation  for  iU  validitjr.  (@  Pbsi*  B,  185, ) 
One  of  theise  »tatttteji  retnored  wX\  exoeptioiis  on  aceoiitit  of  tbe  disnbiliij 
of  the  olainmat,  after  thirty  yeara'  adyemb  posMSBioii,  Tliat  deciaioa 
W«a  followed  by  corresponcting  decifiions  by  the  Supreroe  Court.  (K  St. 
R.  896;  155  St,  IL  35.) 

Wiien  Pittsburgh  t?ity  and  Allegheny  Couaty  lamde  default  in  the  pay- 
meat  of  dieir  bonds,  Judge  Head  united  heartily  with  hi«  brethren  of  the 
Supreme  Court  bo  compel  those  municipalities  to  meet  their  obligatiout, 
requiring  tbem  to  lay  taxes  for  that  purpose.  In  his  opinion  on  one  of 
thcNW  oaaefl^  he  says,  *^  Wbaterer  may  be  said  aii  to  the  individuality  of 
icta  of  oSoerB  and  agenis  outside  of  their  authority  ia  wide  of  the  mark, 
when  attempted  U*  be  applied  to  defectire  execution  wlthtu  the  i&phere 
of  authority.  The  one  may  be  void^  but  every  priticiple  of  juitice,  aa 
erery  presumptioUr  forbids  auch  conclui^ion  in  the  other  case/ ^  ThoM 
dealing  with  officials  are  not  to  suOar  by  their  irregularity.  "  Pubtb 
biiain«H  oould  never  be  done  under  such  a  system.  There  must  be  faith 
in  public  servanta  within  the  scope  of  their  authority,  or  pnbHc  businesa 
muat  atop.  For  defective  ei;ecution,  the  public,  whose  serrants  they  are, 
must  suffer,  not  innocent  parties,"     (37  St.  R  2^7^.) 

Judge  R«ad  is  entitled  to  especial  praise  for  the  part  he  took  in  «aving 
•peeial  trusts  to  tbe  jurisprudence  of  Pennsylvania*  Since  1B2B  a  series 
of  decisions  made  by  the  Supi^me  Court  had  established  the  law  giving 
Talidtty  to  special  trusts  to  protect  the  improvident,  helpless^  or  inca- 
pable, by  the  interposition  of  trustees.  In  1856  there  was  oommenced  a 
counter  courae  of  decisions  that  threatened  to  deprive  parents  and  bene- 
facti>r8  of  the  power  of  safely  making  provision  for  the  unfortunate  and 
helpless.  This  is  a  power  that  ail  considerate  persons  would  be  likely  to 
consider  an  indispensable  one  for  the  welfare  of  civilized  society  ;  yet  its 
existence  in  our  law  was  threatened.  In  i8@4  the  Supreme  Coart  bad  the 
Opportnnity  of  arresting  the  downward  course  of  decision,  in  the  cane  of 
Bamett^s  Appeal  (46  St.  R.  392.),  and  to  Judge  Head  was  assigned  the 
duty  ot  writing  the  opinion  of  the  Court.  He  saysf  '*The  principal  error 
is  in  laying  down  a^  tbe  law  of  Pennsyt crania,  that  a  trust  to  receive  rente 
and  pay  them  to  another  is  executed,  althi^n^h  not  an  nae  executed  by 
the  Statute  of  Uses,  hnt  arising  from  some  genenil  principle  inherent  In 
the  common  law  of  the  E^tjite.  This  U  not  supported  by  authority,** 
Tbe  Judge  then  proceeds  to  review  the  course  of  decisions  prior  to  the 
innovationa,  and  restores  them  into  authority ;  and,  with  slight  modifi- 
c&tian  oi  eitception^  these  remain  in  authority  down  to  the  latest  decision 
of  the  Supreme  Co  art.  The  opinion  concludes  :  "  Tbe  question  then  is, 
fihall  the  settletl  law  of  Pennsylvania,  as  to  tmits,  remain  as  it  was  un- 
derstood by  all  our  tribunals  and  the  Bar,  and  had  been  received  binee 
the  foundation  of  the  Province  to  within  the  last  eight  years,  or  are  we, 
without  the  sanction  of  the  Legislatnre,  entirely  to  uproot  it^  and  subati* 
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tiite  a  new  system  which  has  heeu  the  subject  of  serions  enliciEm  and 
coQHiant  oompkitit  ?  We  do  not  approve  of  Mtch  jadicial  le^filation,  and 
are  tlierefore  of  opinion  that  the  Auditor  and  the  Court  below  erred  in 
declaring  that  there  was  no  estate  vested  in  the  tmsteas  of  the  testator's 
wiH,  and,  ao  far,  the  decree  inust  he  reversed/'  That  is,  the  C^>urt  de- 
cided that  the  trnstee  should  bold  the  title  and  manage  the  estate,  for 
the  benefit  of  the  benedciaries  ;  and  ntnst  hold  and  protect  it  upon  tho 
trusts  sjjecifled  by  the  tes^tator. 

Another  occasion  of  Judge  Read's  delivering  the  opinion  of  the  So- 
jireine  Court  had  a  direct  interest  for  this  Society  ;  and  is  also  interesting 
to  the  science  of  jurisprudence,  though  the  occasion  for  its  citation  aa 
authority  may  not  be  frequent.  When  the  square  upon  which  this  hall 
stands  belonged  to  the  Commonwealth,  the  Legislature  granted  to  thit 
§ooiety  the  perpetual  use  of  thin  lot  for  the  purposes  of  thia  Society, 
esteeming  our  objects  to  be  of  sueli  pubhc  benelit  as  to  comport  with 
those  for  which  the  square  was  held  by  the  State.  ThcFUgh  this  is  a  per- 
Ijcaual  right  in  the  Society,  it  was  not  such  a  title  as  could  be  aliened  by 
the  Society  to  other*  to  be  held  on  other  uses,  without  the  authority  of 
the  State.  This  titla  ifi,  therefore,  unique ;  is  unlike  any  other  title  in 
the  St^te.  It  U  a  great  principle  of  the  common  law  that  titles  sh^ll  he 
freely  alienable,  so  that  they  shall  best  subserve  the  intemsts  of  eivilixed 
society.  This  is  the  reason  of  the  rule  of  law  against  peri>etuities, 
established  by  judges  who  were  wisest  of  British  statesmen.  The 
exoeption  allowed  by  this  rule  is  limited  by  the  duration  of  designated 
lives  in  being  and  a  minority  or  twenty*one  years  thereafter.  Duiing 
that  period  titles  may  be  limited  into  a  succession  of  limited  interests,  or 
clothed  with  trusts  for  the  maiutenanee  of  those  deemed  incompetent  to 
manage  their  property  for  themselves.  A  special  exception  was  created 
by  the  Ei-itish  Parliament,  when  the  nation  granted  Blenheim  and  iti 
princely  dotnains  to  the  Duke  of  Marlborough,  to  guard  the  countTy*8 
girt  from  alienation  by  his  heirs ;  and  to  that  immunity  it  is  owing  that 
that  splendid  castle  and  domain  have  not  been  sold  to  pay  the  debts  of 
the  heirs  of  the  great  Duke,  A  partial  exception  exists  in  Peuusylvaula, 
by  an  act  of  the  Legislature  of  1871  (P-  Laws,  870 )»  under  which  the 
descendants  of  the  Indian  Chief,  Cornplanter,  now  hold  their  lauda  In 
severalty,  but  inalienably  to  any  but  Indians,  so  that  white  men  may  not 
defraud  Uieui,  or  intermix  in  the  colony.  Such  a  feature  should  be  in- 
corporated into  the  titles  of  our  Western  Indians,  when  they  alst*  shall 
hare  landfi  allotted  to  them  in  sevemlty ;  a  step  of  iirogress  that  must 
soon  be  reached  if  they  are  to  be  preserved  iu  existence* 

The  pnt|>ose  of  the  restricted  grant  to  this  Society  was  to  preserve  the 
pro^>erty  forever  for  public  uses ;  for  in  public  and  charitable  uses  lands 
may  be  held  unalienable  in  fierpeturity.  The  opinion  gives  a  history  of 
this  society,  and  the  following  extract  will  show  the  grounds  of  the 
deeisicm  of  the  Supreme  Courti  with  the  irioDdly  ei^timate  of  Judge 
Beadi  wlien  our  Uhrary  was  levied  upon  for  taxes  assessed  upon  the  lot 
and  hall : 
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*^  It  is  clear,  then,  th&t  the  Society  conlcl  not  chi&rge  thU  lot  bj  VLtif 
reoo^izaucef  iQortga£[e,  judgment,  debt,  obligatioo,  or  refl(ioii8ibiHty, 
nor  oould  they  create  any  lien  npoo  it ;  beoauBe  it  eoultl  not  be  §old  by 
Any  form  of  exeeutioii,  and  tlda  being  tbe  case,  no  taxes  could  be  u  lien 
upon  it,  and  no  fonn  of  proceeding  to  recover  the  same  could  create  a 
Hen  upon  this  lot,  becau^  it  could  tiot  l>©  sold  under  any  aueh  judgment. 
It  ieema  stronger  in  the  ca^e  of  taxes  levied  under  tbe  authority  ^tf  the 
¥ery  Governinent  thiit  has  expressly  prolubited  any  sale  of  it,  exoept  m 
tbe  eaM«  specially  pointed  otit^  and  by  the  character  of  its  public  ntes  aa 
«icpfie«a1y  dtolared«  Tbe  uees  for  wbtcU  it  was  giren  are  public,  and  oau 
neither  be  afiected  nor  destroyed  by  the  adverse  action  and  proceia  of 
a  court  of  law*  The  court  bolow  were  therefore  right,  and  their  judg- 
ment mu^t  be  aMrmod. 

**Ttis  Society  numbers  amonj^nt  its  members  many  distingulsbtHi 
forei^er«  of  great  Hcienttitc  e  mine  nee,  and  it  corresponds  with  public 
bodks  and  private  individuals  devoted  to  the  pun^uit  of  science  in  every 
country  In  Europe ;  one  of  its  latest  correspondents  being  a  Hnuganau 
Society,  whose  Transactions  are  publisliod  in  tbeir  native  lan^age.  It 
lias  a  most  valuable  library  of  about  27,  Of W3  volumes,  of  which  a  complete 
«ataIog\ie  is  now  preparing  at  a  very  heavy  expensei  including  a  ^reat 
many  inannscript  letters  and  papers  of  a  most  valuable  and  rare  charac- 
ter, relating  to  the  early  history  of  this  Province  and  country.  A  large 
number  of  the  wort«  in  tbe  library  are  of  a  scarce  and  rare  kind,  and 
are  not  to  be  found  on  thi^  side  of  the  AtlantiCf  including  a  complete  set 
of  the  Transactions  of  the  Royal  Society  of  London,  commencing  two 
^ntuiiea  ago*  The  tirst  President  of  this  Society  wa«  tbe  odgitiaior  of 
the  first  fire  company,  the  firat  public  library,  the  first  boispital,  and  tbe 
flrat  academy,  now  the  Unirersity  of  Pennsylvania,  a  signer  of  tbe  Dec- 
laration of  Independence,  Minister  to  France,  one  of  onr  Ministers  Pleui- 
pntenUary  who  signed  the  provisional  articles  and  the  definitive  treaty  of 
peace  between  the  United  States  and  Great  Britain,  and  tinaUy  one  of  the 
frame rs  of  the  Const itution  of  the  United  States 

**This  wa^  Dr.  Benjamin  Franklin,  the  patriot  and  the  Philosopher; 
and  I  camiit  but  express  a  confldent  hope  that  tbe  City  and  the  btate  of 
which  he  was  so  distinguished  an  ornament,  will  never  permit  tbe  hands 
of  the  ta^'gathcrer  to  diminish  the  fund  devoted  to  the  interests  of  science 
in  eveiy  part  of  the  worlds  both  in  j>eace  mud  in  war,  and  t>e]onging  to  a 
Society  of  which  he  was  the  founder/* 

Judge  Read,  in  an  opinion  concurring  with  his  brethren  on  the  bench, 
held  the  Southern  Confederacy  to  be  **an  entire  and  complete  nullity: 
The  country  aud  tbe  people  embraced  by  this  unholy  i-ebel  lion  are  dimply 
in  a  state  of  rebelliout  and  are  rebelliouj^  citizens,  but  at  the  same  time 
they  are  enemies,  and  may  be  treated  as  such.  They  may  l>o  tried  as 
traitors  and  pii-ates,  and  may,  nudor  the  laws  of  the  United  States^  be 
convicted  and  punished  as  auohf  and  no  man  or  nation  could  complain  of 
It  aa  an  unjust  or  illegal  act/'     Yet  it  was  held  that  we  could  and  should 
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ttaopiize  so  giganfcio  a  TObellion  m  belligerents^  trom  motives  of  humai]- 

it^t  that  the  war  might  be  coDducted  upon  tho  principlea  of  oiyiltzed  war- 
fiLre,  to  prevent  tniUBcirtminate  slaughter,  and  that  there  niight  be  an 
exchange  of  prisoners  of  war.  TMs,  he  held*  might  be  done  without 
**  recognizing  the  rebel  leaders^  or  their  organ i^atiouT  but  con&tantljr 
denying  them  to  be  a  government  d&  facto  or  dejurti^  or  as  javimaining  the 
powers  to  issue  letters  of  marque  and  reprisal,  or  to  fit  out  privatei^rSi  of 
armed  vefiselfi,  or  to  Giake  cuptures,  or  to  eatablish  prize  courts  which 
conid  condemn  as  teg^  prizea  the  veasela  captured  bj  their  cruiaei^*** 
'47  St.  R,  im) 

An  opinion  of  the  Supreme  Court,  delivered  by  Jcatiee  Read  in  1&05, 
is  interesting  to  science  and  to  every  one  who  travels  by  raihoad*  It  was 
a  suit  by  a  widow  and  children  againfit  a  railroad  company  for  the  lots  of 
the  life  of  a  husband  and  father,  by  alleged  negligence,  under  one  of  the 
modern  statutes  in  such  case.  It  is  held  that  at  the  common  law  no 
action  was  maintainable  against  a  per^n  who  caused  the  death  of  another; 
also  that  an  ifpini&n  of  the  value  of  the  life  loat^  by  eompetent  judges, 
is  lawfiil  evidence.  The  loss  to  be  computed  i«  simply  that  which  would 
be  Dompcnsatory  to  the  surviving  family^  in  the  ability  of  the  deceased 
to  provide  for  his  family*  It  is  therefore  held  to  be  a  proper  inquiry  of 
a  witneasj  from  Ids  knowledge  of  decedent's  age,  habits,  health,  aud 
physical  condition,  how  long  he  would  have  been  useful  to  his  family. 
From  liability  for  the  company ^s  negligence  they  cannot  stipiilat*  for 
exemption.  {51  Br.  R  315,)  This  seema  a  very  mercantile  estimate  of 
the  value  of  hnman  life;  yet,  considering  the  ready  siympathy  of  juries 
with  the  bereaved  family,  It  ts  the  only  one  that  carrying  eotivpaniei  can 
endure  and  live. 

In  1806  Beveral  cases  involving  the  validity  of  the  legal  tender  act, 
came  before  our  Supreme  Coui-t,  and  its  constitutionality  wris  sni^tatnwi* 
Judge  Read's  opinion  gives  a  history  of  paper  money  in  America.  ( 52  8t, 
R.  7L)  In  1819  the  Supreme  Court  of  the  Uoited  States  hatl  decided 
that  Congress  bad  the  power  to  create  a  bank  whose  bills  or  notes  should 
be  receivable  in  all  payments  to  the  United  States.  If  Congress  could 
do  this,  the  logical  inference  was  that  Coufreis  oonld  directly  create  a 
currency*  In  making  such  issues  a  legal  tender  OongreKs  did  but  wliat 
the  dependent  Colonics  had  done.  The  Constttution,  while  denying  the 
like  piiwer  to  the  states,  gi^^ea  escpreHsly  to  Congress  the  tK»wc*r  to  coin 
money,  to  regidate  the  value  of  domestic  and  foreign  coins  in  circulation, 
and,  ai  a  necessary  implication  from  positive  provisirms,  to  emit  billw  of 
credit.  Congress  wa»  expressly  clothed  with  power  to  enact  all  lnws 
necessary  and  proper  for  carrying  into  elft^at  tho  enumerated  powers; 
iiud  Udn  act  was  necessary  to  that  end*  **Thi8  was  done  at  a  time  and 
under  drcumstiinoes  which  admitted  of  no  other  means  to  carry  those 
great  powers  into  full  and  effective  operation***  It  was  a  me^usure  re- 
quisite to  save  the  Government  and  protect  the  people,  In  the  war  of  the 
rebellion ;  and  will  be  a  measm-o  necessary  to  save  and  protect  them  in 
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aU  Cut  Of  0  great  wa.r».  Every  government  must  be  »ttffieietit  uuto  Its  own 
exiKtcDce ;  otlterwifta  it  must  perisb. 

Ttic  Suprome  Court  of  the  United  Stiites,  in  1870,  Justice  Strong,  who 
hswl  concurred  us  one  of  our  Supreme  Court  iu  the  opiuion  of  W%  de- 
livering the  judgment »  ivlso  decided  the  validity  of  the  legal  tender  act, 
(12  WhL  J57.)  That  Court  held  that  Congress,  be  s*i*Jeij  those  spec  if  led, 
had  «xpi-e8&  power  to  make  laws  necessai^  to  carry  into  effect  *'all  i>tb©r 
l>owei«  veuted  by  this  Constitution  in  the  Govemmeut  of  the  United 
States  ;^*  and  iay,  **It  was  certainly  intended  to  confer  upon  theOovem- 
menl  the  power  of  Belf- preservation.**  (p.  533.)  The  import  of  all  the 
Constitution  la  to  be  regarded  in  the  ascertainment  of  the  ijowera  of  the 
Government ;  and  it  certainly  acquired  the  nnlverflal  right  of  self-preeer- 
vatiou.  It  may  not  then  by  Bfiif- restrict!  one  and  abnegation  destroy  itself , 
and  thereby  fail  to  fulfill  the  purpose  intended  by  the  American  people, 
and  ex^tinguifib  the  faireit  hopes  of  mankiad  for  republican  liberty. 

In  iSfiT  Justice  Read  delivered  the  opiuion  of  the  Supreme  Court  of 
Perujaylvania,  protective  of  our  City'»  Water  Supply,  in  restraining  tlie 
pollution  of  a  tributary  of  the  Wissabickon,  in  which  aeveral  salutary 
general  priaciplefl  were  applied :  Ko  one  ha»  a  right  to  fonl  a  stream  and 
make  it  unlit  for  domestic  use  to  those  below :  If  the  upper  riparian 
ownei^  ciAtm»  riubt  by  prescription  ba  can  only  succeed  for  the  extent  of 
pollution  which  existed  twenty-one  years  before :  The  prefcriptloii 
requires  the  strictest  proof,  because  it  is  against  common  right.  The 
opinion  is  learned  and  able*    (54  St.  R.  40.) 

In  the  same  year  Justice  Thompson  and  Justice  Read  wrote  concurring 
opinions,  and  the  majority  of  the  Supreme  Court  refused  tlie  strong 
remedy  of  ii^aiiction  to  prevent  the  running  of  passenger  cars  on  Sunday* 
In  this  case  Judge  Read  use*  the  language,  "We  have  public  squares  and 
a  great  public  Park  owned  by  our  fellow  citizens^  and  intended  for  their 
beuedt,  and  that  of  their  wives  and  children*  Clergy  me  n»  lawyers^ 
physicians,  merchants,  and  even  judges  have  six  dayn  in  the  week  in 
wbicb  they  may  enjoy  all  these  and  other  advantages,  and  which  they 
may  do  cheaply  by  means  of  the  passenger  railways.  The  laboring  man, 
the  mechanic,  the  artizan,  has  but  one  day  in  wbicb  be  can  rest^  can 
dress  himself  and  his  family  in  their  comfortable  Sunday  clothes  attend 
churchy  and  then  take  healthful  exercise  ;  but,  by  this  injunction,  liis 
carriage — the  poor  mun^*  fjifriitg$^  the  jms^^ng^r  tftir*  is  taken  away,  and 
is  not  permitted  to  run  fof  bis  aoci>inni^>datlon.  The  laboring  man  and 
his  children  are  never  allowed  to  see  Fairmount  Park,  a  part  of  h is  own 
property,"     (54  St*  K,  451.) 

lu  Jatmary,  1871,  the  opinion  of  the  Snpreme  Court  was  delivered  by 
Justice  Head  up  in  the  act  which  autliorized  the  Public  Buildings  to  be 
erected  on  Penn  Square,  Holme's  first  pi  in  of  our  City  laid  out  a 
Centre  Sunare,  and  one  in  each  of  the  four  angles  of  the  city :  the 
first  for  huildings  of  public  chariu^tor*  the  others  to  be  for  the  like 
nsea  as  the  Moorfields  in  London.    A  history  of  the  location  and  uses  of 
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^loorrmlda  is  given  in  the  opinion,  and  aUo  that  of  Penn  Square ;  atid 
tbe  Court  hstA  no  diflioulty  in  snMuiuiofj  the  validity  of  the  act,  as  "th© 
Legislature  ii  iituply  appropriating  the  square  and  the  streets  Ut  the 
purposes  to  wUicli  the  iqaaie  was  ori^naUy  dedicated/*  (63  St.  II,  4890 

But  a  few  more  caaeis  illustrative  of  the  judicial  character  of  Judga 
Read  mint  suMoe.  One  18  a  new  application  of  an  equitable  prinoiptoi 
made  nec-essarj  by  modem  legislation,  eniicted  i^ith  purpose  to  favor 
women's  rights.  By  statute  a  widow  may  reject  her  husband*i  will,  and 
may  eket  to  take  her  intestate  shai^  in  both  i^cal  and  personal  eHtat^< 
Her  doing  this  disturbs  the  plan  of  the  will,  and  usually  disappoints  other 
legatees.  It  is  just,  ami  so  decided  l»y  our  Supreme  Court,  that  tht*  ben- 
eflt  intended  by  the  will  for  the  wife  shall  be  sequestered  to  compensate 
those  legatees  whom  her  election  has  disappointed.  ((to  St.  U.  314.) 
Again :  one  under  equal  obligation  to  make  contrihation,  %b  where  ond 
co-surety  has  paid  the  whole  debt,  the  other  is  held  bound  to  refund  a 
rattable  proportion  ;  but  this  rule  does  not  hold  between  joint  wrong- 
doers where  one  has  paid  the  whole  damage,  from  a  policy  to  discourage 
such  combination  to  do  wrong «  But  this  is  confined  to  cases  whemi  the 
plaintiff  is  presumed  to  know  that  he  was  doing  a  wrongful  act.  There- 
fore, where  a  traveller  has  recovered  against  one  or  two  counties,  bound 
tomaint'iin  a  county-line  bridge,  owing  to  the  bridge  breaking  dowii,  the 
county  paying  the  whole  damage  may  recover  contribution  of  the  other* 
(66  St,  B.,  2180 

A  testator  must  be  of  sound  mind  to  make  a  valid  will ;  but  if  thd 
unsoundness  docs  not  a^ect  the  gene  ml  faculties,  and  does  not  reach  him 
capacity  of  testamentary  disposition,  he  may  make  a  valid  will.  Fhyaiciana 
and  unprofessional  witnesses  may  Btate  Uieir  opinion  of  the  sanity  or  in- 
sanity of  the  testator,  with  the  diiTei^uce  that  the  former  are  heard  as 
experts.     (68  St,  R.,  342.) 

You  may  perceive  from  thei^  deeistoni  that  a  philosophy  of  practical 
wisdom  pervades  the  law  ;  and  those  who  know  it  best  are  the  most  ready 
to  assent  to  the  t>oast  of  Lord  Coke,  its  greutcsa^t  ancient  authority,  wlien 
he  speaks  of  "The  law,  which  is  the  perfection  of  reason.**  In  it  are 
found  the  wisdom  of  all  practical  life  and  moniUf  the  rules  of  (londud,  of 
jndividualt^f  society,  and  governments,  and,  Qouse([uently,  it  con  tat  uh  the 
larger  and  most  useful  share  of  the  philosophy  of  the  human  rnlud^  You 
have  not^  therefore,  been  led  into  foreign  fields,  but  iuto  those  where  wo 
should  iind  our  more  familiar  range^  The  law  It  is  that  nkust  preserve  the 
peace  and  welbbeing  of  our  race.  Its  philosophy  and  progress  arc  worthy 
the  efttudy  of  the  highest  intellects.  As  perfect  as  f/ord  Coke  thought  i% 
the  law  has  ever  sitiee  his  day  been  improving  towards  a  higher  i>crrce» 
tion ;  and  generally  the  progreuA  haa  been  made  in  manner  to  preserve 
iot^aet  the  obligation  of  contracts  and  the  vested  ilghte  of  property. 

When  Chief  Justice  Thompson's  term  of  oilk^  expired  in  Deeeml>erp 
1S72|  Judge  Read  as  senior  judge  became  Chief  Juaticc*  This  highest 
udidal  oiRoe  of  our  State  Chief  Justice  Read  held  for  ono  year,  when  hii 
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temi  e]Epired,  For  mme  years  his  hesiUU  had  been  failing,  and  at  times 
lie  waft  unable  to  t^ke  his  seat  on  tliB  Beiieb^  wUli^li  fact  increased  the 
labofs  of  his  brethren.  At  the  Bar  tneeting  held  for  Judge  Thompson^ 
after  his  sudden  death  while  speaking  in  Court,  Judge  Read  made 
acknowk<lgement  of  the  kindness  of  his  brethren*  He  siaid  :  **l  have 
kuQwn  my  deceased  friend  inttmatelj  for  fifteen  years^  for  fourt^^n  yt-ars 
of  wbiob  we  were  inerobers  of  the  same  Court*  He  waa  a  most  kind  and 
oansiderute  aasDciale,  and  I  am  (lersouaily  deeply  indebted  to  itim  for  Ids 
ibouf^hthUiie!^  and  attention  to  my^lf  when  ilbhealth  called  for  the 
iudulg^noe  of  mv  brethren*  He  was  a  good  man,  an  honest  and  upriglit 
man,  an  admirable  Judge,  and  a  learned  lawyer,  with  great  good  sense* 
I  was  warmly  attached  to  him,  and  1  deploi^  biw  lo&s*  I  believe  every 
word  of  the  resolutions  oflered  by  Judge  Porter  to  be  true  and  eminently 
just,  and  a  proper  tribute  to  the  virtues,  talents  and  great  ability  of  our 
dooeftsed  friend*'' 

Witliin  a  day  or  two  after  his  retirement  from  office,  the  late  Chief 
Justice  l^ead  called  upon  the  writer  of  this  notice,  who  had  been  writing 
against  the  now  Constitution^  and  said,  *'^I  am  again  a  free  citizen ,  and 
can  speak  my  mind  freely.  1  also  am  opposed  to  this  new  Constitutiwn, 
and  have  an  objec^tion  to  it  you  have  not  taken  :  it  is  destructive  to  the 
secrecy  of  the  ballot,"  Hia  article  appeared  I>eeomber  Btht  1^*^-  *^^^ 
unmhenng  of  tbe  voted  ticket  with  the  same  number  set  against  the  name 
of  the  voter  in  the  list  of  voters  as  required  discloses  how  he  voted*  The 
late  Chief  Justice  says,  **  The  freedom  of  ekettons  depends  entirely  upon 
the  htjlloi  and  its  inm&labi€  »etfecgj  so  that  no  man  shall  know  how  any 
elector  has  voted*  This  aeorecy  enables  all  men,  in  all  the  walk&  »f 
society,  to  deposit  their  ballots  in  perfect  security  that  the  knowledge  of 
their  vote  is  strictly  confined  to  their  own  breasts**^  The  offieers  of  elec- 
tion in  the  Stat*  he  stated  to  be  12,795,  who  know  on  the  ^night  of  the 
has  election  how  every  man  in  the  Commonwealth  voted*  He  also  taken 
objection  to  the  great  invasion  made  upon  the  elector's  f^nchtse  when 
there  are  two  candidates,  which  pi^vents  him  from  voting  a^ttin^i  anj/ 
c;tndidate,  and  makes  tlie  voting  for  the  other  a  useless  form.  This  able 
article,  the  last  written  by  him  we  oommemonite,  sliows*  Km  undying  love 
of  liberty  and  justice  ;  his  sacred  regard  for  the  equal  rights  of  the  citizen  ; 
hij  anxiety  to  protect  the  bumble  and  poor  from  dictation  and  oppres- 
sion ;  and  his  desire  to  preserve  the  value  of  tho  eleetive  franchise  to  the 
citUena. 

I  would  here  give  the  testimony  of  his  associate  on  the  Supreme  Bench^ 
Judge  Williams,  at  the  Pittsburg  Bar  meeting,  on  receiving  the  news  of 
the  death  of  the  late  Chief  Justice  :  *^'^  He  posse^ised  talents  and  learning 
of  a  very  high  order,  and  his  personal  and  official  induenoe  was  very 
great*  lie  was  a  gentleman  in  every  sense  of  the  word  ;  a  gentleman  of 
the  old  school  of  the  very  highest  sense  of  honor,  of  great  dignity  of 
character,  and  in  social  intercourse  kind^  afl'able  and  courteous."  '^  He 
had  an  accurate  knowledge  of  American  History,  especially  of  the  times 
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in  which  he  lived,  and  was  familiar  with  the  personal  characteristics  and 
history  of  the  men  who  have  been  prominent  in  our  State  for  the  last 
sixty  or  seventy  years,  and  it  was  this  accurate  knowledge  which  made 
his  conversation  so  charming  and  instructive.  He  was  a  true  friend  ; 
strong  and  unswerving  in  his  attachments  ;  ready  to  make  any  sacrifice 
for  his  friends,  and  when  in  trouble  was  untiring  in  his  efforts  to  serve 
them.  He  was  a  man  of  the  strictest  integrity,  and  despised  everything 
that  was  low  and  vile.  With  him  the  equity  and  justice  of  the  case  was 
the  law  of  the  case.^^  **  He  was  a  man  of  chivalrous  courage,  persistent 
purpose  and  inflexible  will.  He  did  not  know  what  fear  is."  '*  It  is  the 
will  power  which  gives  executive  ability  and  persistency  of  purpose,  and 
enables  one  to  achieve  great  results.  Judge  Read  had  this  power  to  a 
remarkable  degree."  Such  testimony  from  such  a  source  is  very  strong, 
for  judges  sitting  together  for  many  years,  discussing  and  decid- 
ing the  many  diversified  and  important  cases  which  oome  before 
them,  at  the  same  time  settling  the  law  of  the  State,  must  make  thero 
thorough  judges  of  the  attainments  and  qualifications,  and  of  the  temper, 
disposition  and  self-oontrol  of  their  associates.  There  is  to  be  added  to 
the  above  delineation  of  personal  traits,  the  fact  that  the  characteristto 
oourage  and  determinate  will,  were  not  exercised  without  the  careful  re- 
search and  thought  which  produced  certain  belief  of  rightful  aeiion. 

The  characteristics  of  Judge  Read's  judgments  were  a  plain  and  terse 
simplicity,  without  attempt  at  ornament.  It  is  no  exception  to  this  to 
admit  that  many  of  his  opinions  are  long.  As  a  general  rule  they  are 
short ;  and  when  not  so,  their  length  is  owing  to  a  full  history,  or  state- 
ment of  facts,  and  an  ample  citation  of  authoi  ities  ;  but  all  are  given  in 
brief  language.  His  practice  was  to  state  the  facts  fully  and  clearly,  and 
then  without  process  of  ar^^ment,  to  apply  all  the  law,  British  and 
American,  applicable  to  the  facts  ;  and  it  is  at  once  seen  that  these  war- 
rant the  conclusion  announced.  So  conservative  was'  he,  that  in  his 
hands  the  law,  as  well-read  lawyers  are  trained  to  understand  it,  was  felt 
to  bo  safe  from  innovation,  while  he  fearlessly  attacked  recent  innova- 
tions, and  sought,  with  large  success  to  restore  our  jurisprudence  to  its 
ancient  foundations,  except  as  these  had  been  changed  by  statute,  or  the 
constitutions ;  methods  of  progress  which  could  have  no  retrospective 
operation  to  divest  vested  rights. 

Judge  Read  seemed  to  have  selected  no  especial  branch  of  the  law  in 
which  he  became  more  authoritative  than  in  others.  His  general  prepa- 
ration in  all  was  full ;  yet  he  never  argued  or  decided  a  cause  without  a 
special  and  full  study  of  the  case,  applying  all  the  proper  authorities  ; 
h^^nce  he  was  always  accurate,  and  his  opinions  are  mines  of  erudition  for 
the  student,  lawyer  and  judge.  In  whatever  branch  of  the  law  the  ques- 
tion arose  he  met  and  disposed  of  it  with  the  like  able  grasp  and  learn- 
ing. He  was  equally  familiar  with  Civil  and  Criminal  law  and  their 
practice  ;  with  International  and  Municipal  law ;  with  Law  and  Equity  ; 
ivith  the  Titles,  Limitations  and  Descents  of  Real  and  Personal  Estates ; 
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witti  WiHS)  Legjetes  &«d  Tute^tacies  ;  witb  tlic  Constitutional  C1iftit*rB 
and  St^ttttes  of  the  Uuitcd  Staters  the  Sta  te,  and  of  our  Cities,  With 
the  Law^  OrdioaDoes  and  Usages  of  Piiiladelphia  be  wa^  psj>cda11y 
fajuUinr.  His  lore  for  his  uiitive  city  was  intense, and  he  wa»  ever  ix^ady 
to  devote  hie  time  and  talents  to  her  senHce,  Ri^  eeal  continued  to  the 
last  ;  and  he  waa  earnest  in  hia  efforta  that  thia  should  be  tlte  plat-e  of 
the  Centennial  Celebration,  and  that  it  should  be  a  great  snoce^.  His 
patriotisin  ne^er  grew  cold  or  Buffered  loss  from  the  chill  of  age  ;  btJt  he 
was  alwajs  youug,  progre&aive  aud  ardent  for  the  progress  and  improve 
ment  of  the  City,  The  Park,  Public  Bnildioga,  and  wide  well-paved 
streets,  and  the  water  supply  were  objects  of  hla  lively  sympathy. 

The  State  and  rtiited  States,  their  welfare  and  prosperity^  were  also 
Yery  near  to  his  sympathies^  and  he  was  ever  alive  to  all  that  concerned 
their  well-being  and  safety.  This  is  ah  own  in  all  the  acts  of  his  life,  bath 
aa  ctttzen  and  judge.  That  he  lived  and  labored  in  the  law  as  he  did^ 
and  wi^  the  able  and  pat  not te  citizen  that  he  was^  make  the  naiue  of 
Chief  Justice  Read  an  honor  to  his  family,  his  City,  his  State,  and 
Country,  and  hj  them  aU  his  memory  will  be  held  in  respect  and  honor 
through  future  time. 

The  late  Chief  Jtutiee  Read  left  to  snirive  him,  a  widow,  and  bia  only 
heir,  John  Meredith  Read,  who  ably  represented  our  Coutitryj  as  Consul 
General  to  France,  and  resided  in  Paris  during  her  fearful  investment 
by  the  German  armies,  In  1870 ;  and  who  now  agmiu  Fepreaenta  our 
Nation  aa  Minister  to  Greece, 

Chief  Justice  Read  lived  and  died  in  the  Christian  faith  ;  and  was  ever 
an  opponent  of  those  falae  philosophies  of  France,  Germany  and  Great 
Britain,  and  more  iparoely  of  our  own  Country,  which  seek  to  uDdermine 
the  Christian  religloii ;  that  religion  which  gives  to  life  its  greatest  con- 
aolationai  and  enables  man  to  triumph  ovtr  the  fears  of  death  ;  that  re- 
1  if  ion  whose  immortal  faJtb^  alone,  gives  adequate  meaning  to  the 
f  nivetse. 


0?r  TITB  ALLEGED  PARALLELISM  OF  COAL  BEDS, 

Bt  Jko,  J,  Stevekson, 

(lUitd  h^foTt  ih4  Anierican  Fhihnophitai  S&eietg^  Dee.  18,  1874.) 

That  coal   seams  are   approximately  parallel,   ia   a   common  belief 

among  persons  residing  in  tliti  cml  fields  of  our  country.  The  more  ob- 
serving of  ottr  coal  Qperative.%  however,  long  ago  discovered  that  the 
aasertion  of  pamllelism  is  a  fat  lacy,  and  I  hut  tlie  interval  between  any 
two  given  beds  of  C4ial  is  liable  to  vary  many  feet  in  tbicknvss  within 
compiratively  i*bort  dintanoes.  Bo  geneml  is  this  variation  that  It 
amounts  to  a  po«itive  law*  Until  this  was  accepted  as  a  fact^  to  the 
utter  exclusion  of  any  notion  of  parallelism,  the  coals  of  south  we  stem 
Pennsylvania  remained  a  worse  than  Chinese  puszle  to  Gteologfats,  and 
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evQi7  attempt  to  tabulate  them  was  a  failure.  For  many  years  the  re- 
ports of  all  observers  letl  ua  to  aooept  the  divergeuce  or  eonvergence  uf 
cQa!  seams  as  part  of  the  Decessary  arraugementof  thiogs,  apheimmuuoii 
quite  as  ordinary  as  the  occuneuoe  of  sandstone  or  shale  in  the  inter- 
vals. 

Quite  recently,  Prof.  E.  B.  Andrews,  an  a^sistAnt  on  the  Ohio  Survey, 
has  re-asserted  the  parallelism  of  cool-beds^  and  admits  of  such  exeep- 
tlons  only,  as  result  from  the  greater  or  less  compreBsibiUty  of  the  ma- 
terials occupying  the  intervals.  He  concedes,  it  ie  true,  that  when  large 
areas  of  any  coal  field  are  examineil,  it  may  be  found  thut  some  parti oiss 
have  had  a  more  rapid  subsidence  than  the  I'est ;  but  he  maintains  that 
as  a  rule  the  subsidence  was  so  regular  thnt  two  seams  are  fonnd  to  pre- 
seat  an  almost  perfect  parallelism.  He  doubts  whether  it  is  possible  for 
;i  seam  to  separate  into  two  or  more  parts,  or  If  separated,  for  the  parts 
to  diverge  indefinitely,  that  li  to  say,  I  suppose,  for  several  miles  hori- 
zontally or  to  any  great  extent  vertically* 

This  is  no  matter  of  merely  theoretical  interest.  ImTolring,  as  it  does, 
not  merely  the  whole  question  respecting  the  deposition  of  coal  seams 
and  the  intervening  rocks,  but  also,  i\s  a  consequence,  the  identtiicalioa 
or  tracing  of  the  beds  over  ertenslve  areas,  its  exact  detjorminfttion  is 
equally  important  to  the  economic  investigator  and  to  the  purely  scien- 
tific student.  It  is  true,  that  the  question  has  been  a  sctited  one  for  many 
years,  but  long  acceptance  of  a  doctrine  does  uot  prove  its  truth.  It  has 
been  disputed  by  a  Geologist  of  standing,  whose  statements  deserve  and 
receive  consideration.  Tliere  is  Deed  then,  that  the  matter  be  prct»ented 
in  such  a  manner  as  to  leave  no  doubt  in  the  mind  of  any  that  the  Idea  of 
parallelism  over  even  limited  areas  is  utterly  fallacious  except  for  rare 
localities.  In  geology  an  erroneous  theory  is  of  necessity  a  pernicious 
theory. 

Coal  seams  do  divide^  That  is  to  say,  the  numerous  partings  in  a  coal 
bed  are  liable  so  to  thicken  as  to  become  distinct  sti-ata  of  shale  or  sand- 
stone,  and  in  matiy  cases  they  do  so  thicken.  In  his  memoir  upon  the 
South  Btaffoi  dslilro  Coal  Field,  Prof.  Jakes  gives  an  illustration,  especial- 
ly interesting  because  of  the  ease  with  which  the  bifurcation  of  tUt'  vari- 
ous scama  ia  proved.  The  coals  begin  their  separation  lji  the  southern 
portion  of  the  field  and  the  divergence  continues  northward,  the  coala 
never  coming  together  again  within  the  area  embniced  in  the  memoir. 
In  Plate  I,  Prof.  Jukes  compares  two  vertical  sections,  one  taken  in  the 
south-central  portion  of  the  field,  and  the  other  in  the  north  central  por- 
tion«  tlie  distance  between  tliem  being  about  Ave  miles.  In  the  first  seo- 
tiou,  which  represents  a  vertical  thicknosB  of  ^i(}  feet,  there  are  sevon  beds 
of  coal,  each  miule  up  of  several  diKimet  layers  separated  by  their  part- 
ings. In  the  second  sectiun,  whose  thickness  is  850  feet,  there  are 
eighteen  bedi  of  eoal,  some  simple,  but  most  of  them  compound.  The 
ohaniictt^r  oC  the  coat  from  the  sevei'al  seams  in  the  seeond  section  shows 
at  gnce  the  relation  to  the  b&ds  of  the  Urat  section. 
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To  give  all  the  details  leading  to  the  conclurion  offered  bj  Prof.  Jukes, 
wo«ld  be  impoBsible  here*  I  therefore  present  only  ft  few  seetiona, 
sb owing  the  rariations  of  a  aiagle  bed  within  a  limited  area,  gectioos  ob- 
tained in  snch  proximity  to  each  others  that  no  possible  doubt  remains 
r^spoctiBg  the  identity  of  the  ooala  ; 


1     I     2 
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Further  sections*  show  that  the  Thkk  Coul  finally  breaks  up  into  nine 
bedA,  the  whole  occupying,  with  tlie  intervening  rocks,  a  vertical  space 
of  3W0  fc«t.  The  sections  given  above  sliuw  tliat,  within  a  distance  of 
lOBfti  than  one  mile,  the  interval  between  the  two  benches  of  the  st^ivm  io- 
creasea  from  zero  or  a  very  tliin  partiug  to  128  Ject.  Tlie  extent  of  area 
forbids  the  Bupposition  tliat  this  occ-urred  in  a  petty  lagoon.  It  i?*  as  1 
hojie  to  »how  liereafter.  In  fuU  acoordauco  with  the  law  of  coal  deposition 
in  o  n  r  o w  n  coun  t  ry . 

Other  in  stance*  might  be  cited  from  Great  Britain.  ThusMr,  Grfen- 
oughf  states  that  near  Ashby  de  la  Zonche,  the  ftdnrf,  separating  the 
second  and  third  seam  of  ooal^  %&  in  the  easternmost  ooal-plts,  thirty-three 
yard*  thick  ;  in  the  next  toward  the  west,  twenty-flve  ;  in  the  most  wpst- 
em,  only  fourteen ;  and  that  in  the  Budworth  ColUeries,  half  a  mil© 
fiii-ther  toward  the  westt  it  vanishes  entii'cly*  the  two  scams  running 
together.  Another  instance  is  mentioned  by  Capt,  Portli>ck  in  li  is  report 
QU  Londonderry^  etc.,  pp.  GCHJ^tjOL 

In  our  own  conntry,  such  marked  illustrations  though  rai-e,  are  by  no 
means  wanting.  The  bifurcation  of  the  Mammoth  Coal  Scanv  is  a  well 
ascei-tained  fact  and  susceptible  of  absolute  proof.  At  Malianoy  City, 
Pennsylvania,  one  of  the  most  important  beds  divider,  and  Its  branches 
can  he  tj-aced  for  a  considerable  distance,  rapidly  diverging.  On  the 
Great  Kanawha  River,  in  West  Virginiaj  as  T  have  shown}:  tho  celebra- 
ted seam  worked  at  Coalbnrg,  shows  this  teudency  to  diviile.  At  the 
east  end  of  the  property  of  the  company  these  partings  are  thin,  i^irely 
exceeding  thrive  inches  Followed  weatwai-d,  they  incraase,  until  at  the 
western  botmdaiy  of  tJ.e  property  the  lower  one  is  two  feet  thick.  About 
ten  miles  further  down  the  river,  three  thin  coals  are  found  occupying  the 
horizon  of  this  bed.  In  all  probability,  they  are  simply  the  subordinate 
ooals,  separated  l»y  the  greatly  thickened  partings*  Cases  of  dlstinot 
division  of  coaIs^  attended  by  marked  divergence  of  the  benches,  must 

*  FnrtbQ  Pf^otloQi  given  »t>oVD,  see  Tht  South  SitiffordukirM  Coal  FUld,  by  J,  Bo«t« 
jQlCQft,   3d  Edition,  1950,  pp.  ST  mm  35. 

t  A  Criii^At  EgsminatUn^e/the  Pint  ^rinciplt$  *»  Gtotosif,  by  O.   B.  QreenoDgb. 
5  AqiuIb  of  Ljccam  Nat.  HlBt,,  Vol.  X«  p.  3T«* 
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reniftin  rare  |ji  our  co*l  fields  until  the  workhigft  become  more  exiewwive 
nnd  in  closer  vicinity  tliau  now.  At  present,  it  ia  po&aiUla  only  to  show 
tli«j  marked  cLanges  in  the  intenriila  between  otir  ooai  beds.  In  tioitig 
till M,  I  shall  drsiw  iiU  Ulnstfationa  from  tli^  northera  portion  ot  the  Ore^l 
Bituminoua  Trough,  which  includes  Western  PennsyWania, 

Ltjifter  Coat  Cr&iip. — The  total  thickness  of  this  gronp  is  sultject  to 
great  Ta-ritttiona.  In  Pennsylvania  it  is  from  270  to  GoO  feet  ;  in  West 
Virgin  hi  from  Wi  at  the  Pennsylvania  line  to  nearly  7tMj  in  Randolph 
County,  Jind  neiirly  1)00  on  the  Great  Kanaw^ba,  in  Ohio  from  to  , 
la  each  case  the  ^U honing  Sand e tone  has  been  omttted.  For  detailed 
examination,  I  ebotise  the  two  oocik  known  a#  the  Upper  Free  port  and 
Kittantimgf  in  Peunsylvaniat  and  aa  Nos.  VI  and  I¥  in  Ohio. 

Alonfi  Yellow  Creek,  in  Oliiot  the  varying  interval  between  the*se  two 
coak  h  titieiy  shown  iu  a  continuous  exj^oaure  from  the  Ohio  llivor  to 
Irondale,  a  distance  of  seven  miles.  The  coals  are  known  locally  as  tha 
**Big'*  and  *♦  Strip*'  veins^  and  between  them  occurs  No,  V,  locaVly 
known  a«  the  *'  lloger.**    1  give  only  four  section*  for  comparison  : 
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Interval  Kocks, , 

Coal  V * 

Interval  Rocks.  *  * «......«.,.,. 
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V(tal  IV ,...,.. .,   ... 
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These  show  a  variation  from  80'  to  IflO'  within  five  miles;  tVie  most 
marked  change  bein^  in  the  interval  between  V  and  VL 

In  Guernsey  and  MuskiDgum  Counties,  Ohio,  a  much  more  intercmting 
serieH  of  changes  occur  along  Wills  Creek  and  the  iluBkingum  Bivcr* 
This  line  of  section  is  an  important  ODe^  as  the  coahi  can  be  traced  almost 
without  break.  Coal  /F  is  acoompanied  by  its  Gray  ( fossil iferous) 
Limestone,  and  VI  is  everywhere  seen  in  the  hills.  Beginning  on  Wills 
Creek,  iu  Unemsey  County,  about  seven  miles  north  from  the  Central 
OJiio  Railroad,  we  find  near  the  Salt  Works,  the  two  beds  S  feet  apart. 
Somewhat  more  than  a  mile  further  down  the  Creek,  IV  la  mined 
by  sbafl  and  is  2B  feet  below  VI.  Near  Liberty,  tbo  interval  i*  40' ;  at 
Dridgevilk%  t05  feet  Still  following  the  Creek  and  crossing  into  Mua- 
kin^tim  CouLity,  we  find  the  interval  at  Johnson^s  Mills,  40  feet ;  at 
Frew*s  Mills,  00  feet;  at  the  Salt  Works  near  the  *^Iuskingum  Hiver^ 
about  the  same  ;  near  Dresden,  about  100  feet,  and  further  down  the 
river  UO  feet.  The  line  of  least  interval  seemis  to  run  northwestwardly 
thru  ugh  Guernsey  County,  from  the  starting  |K>int  to  a  littlo  east  from 
Johnson's  MiUSp  the  beds  di verging  on  each  side  of  this  line.  Ilie  struc- 
tnre  in  a  crods  section  is  somewhat  as  appeare  In  this  figure,  the  upper 
line  representing  VI,  and  the  lower  IV* 

At  some  distance  further,  northeastward,  A  similar  relation  cxtiits 
between  the  ooals.    Aqioss  the  interveujjig  space  VI  can  be  traced  quite 
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readily,  \mt  the  eicposures  of  IV  mre  far  from  beiof?  continuous,  ^nd  for 
mi\^  it  does  not  XBUch  the  surface.  It  is  impossible,  therefore,  to  d«^in<m- 
rtrat^  the  stractuiTe.  which  seems  to  be  as  follows  ; 

What  tbe  complete  structure  of  the  western  portioti  in  the  first  fi^re 
may  have  been  caanftt  be  determined,  as  erosion  has  removed  &11  the 
material  beyond  the  Muskingum  Riven  The  direct  union  of  the  two 
beds  has  ttot  been  seen,  nor  is  it  likel/  to  he  seen,  since  at  all  loc^itiei 
where  the  beds  approximate  they  have  a  heavy  c^iver. 

CrosttiDg  into  Pennsylvania,  we  take  the  same  beds  aiad  carry  the  seo- 
tion  down  to  the  ForriferouB  Limestone,  The  following  sections  are 
taken  from  Rogers^  Report  '*' 


Interval  Rocks  .*.***♦, 
Lower  Freepoit  C» . , . 
Interval  Rocks 

Interval  Rooks ,....,.. 


I 


50'      73' 

130'      2S'e'' 

2 ''6'''    2' 
55'     ,30' 

6'     I  8' 


In  these  six  sections  we  find  the  interval  between  the  two  beds  varying 
thus:  184,  143,  142,  IIT,  109,  and  103  feet,  while  the  interval  between 
the  Eittauing  and  the  Limestone  varies  from  55  to  20  feet. 

The  acoesaible  records  of  observations  in  West  Virginia  are  few,  but 
some  of  them  are  of  Interest  In  a  report  upon  Property  belonging  to 
the  Pride  vale  Iron  Company,  and  situated  a  few  miles  above  the  junc- 
tion of  Cheat  and  Blonongaliela  Riverj^  Prof.  W*  B.  Rogers  gives  the  in- 
terval between  Upper  Freeport  and  Kittanning-,  as  160  feet,  and  between 
the  Kittanning  and  the  FeiTiferoas  Limestone  as  50  feet.  On  Decker's 
Creek,  barely  five  miles  away,  I  find  only  26  feet  between  the  Freeport 
Coal  and  the  Limestone.  The  whole  group  is  about  400  feet  thick  on 
Cheat  river,  and  only  2»>0  ou  Decker's  Creek.  This  notable  variation  oc- 
curs cbieJty  between  the  upper  Freepoi-t  Coal  and  the  Limestone,  as 
the  section  below  t^e  latter  is  substantially  the  same  as  both  localities. 

Going  southward,  we  find  the  thickness  of  the  whole  group  rapidly  iu- 
Creasiug  beyond  the  Baltimore  and  Obio  Railroad,  the  Upper  Freejxjrt 
CoilBtOl  retaining  its  proper  place  nnder  the  Mahoning  Sandstone  and 
readily  traceable  to  Randolph  Couutyi  heyond  which  I  have  not  followed 
lt<  Near  the  State  line  at  the  north,  the  thicknefiS  of  the  group  is  200 
fcet^  in  Randolph  County  it  Is  not  far  from  700  feet.  Whether  or  not 
the  coal  resting  on  the  conglomerate  in  Randolph  County  is  the  same 
with  tliat  resting  on  the  same  conglomerate  on  Decker >  Creek,  is  quite 
immaterial.  It  is  quite  certain  that  the  interval  between  the  conglome- 
rate and  the  Upper  Freeport  Coal  has  Increased  from  200'  on  Decker's 
Creek,  to  nearly  lOd  feet  on  the  Beverly  road  in  Randolph  County. 

The  Upper  Freeport  Coal  itself  sbowa  a  marked  tendency  to  break  up 

■  a«otosT  of  PeuasylvsDia,  Vol.  II,  Cbspa  IS,  19,  20  sad  32. 


Steventon.]  ^OO  [d«3.  18, 

and  in  Upshur  and  Randolph  Counties  it  does  divide.  It^  partings 
thicken  up  and  from  mere  flimsy  pistes  become  layers  of  shale  several  feet 
thick,  so  that  the  coal  usually  only  three  or  four  feet  thick  further  north, 
is  gradually  converted  into  a  mass  of  shale  and  coal  upwards  of  twenty 
feet  thick,  which  at  one  locality  includes  a  thin  layer  of  sandstone. 

Lower  Barren  Qroup, — So  interesting  is  this  group  in  itself,  and  so 
irregular  are  its  rocks,  that  it  deserves  consideration  only  because  it 
occupies  the  interval  between  the  Upper  Freeport  and  Pittsburgh  seams, 
two  beds,  which  seem  to  be  the  most  persistent  of  all  found  in  the  Coal 
Measures.  It  is  separated  into  two  divisions  by  a  well  marked  stratum 
which  in  Ohio  is  known  as  the  Crinoidal  Limestone,  and  in  Pennsylvania  as 
the  Fostiliferous  Limestone,  This  I  have  traced  from  the  Muskingum  River 
round  through  Pennsylvania  into  West  Virginia,  where,  like  nearly  all 
the  Coal  Measures  Limestones,  it  disappears  in  the  vicinity  of  the  Balti- 
more and  Ohio  Railroad,  south  from  Grafton.  At  the  western  exposure 
of  the  Pittsburgh  in  Ohio,  this  limestone  is  140  feet  below  it.  Northeast- 
ward the  interval  becomes  successively  140,  160,  175,  190,  200,  and  near 
Steubenville  and  along  the  Ohio  River  225  feet.  In  Pennsylvania  on  the 
Monongahela  River,  it  is  320,  and  near  Morgantown,  West  Virginia,  270. 
In  like  manner  we  find  a  varying  interval  between  it  and  the  Upper  Free- 
port.  At  the  most  western  exposure  of  the  limestone  this  interval  is 
225,  further  east  280,  at  its  northerly  exposure  260,  and  at  Steubenville, 
on  the  Ohio,  280  feet.    At  Morgantown  it  is  172  feet. 

The  total  interval  between  the  Pittsburgh  and  Upper  Freeport,  varies 
in  thickness  in  Ohio,  from  420  feet  at  the  west,  to  505  at  Steubenville, 
the  increase  being  regular  toward  the  east,  [n  Pennsylvania  it  is  200 
feet,  at  Ligonier,  220  at  Elk  Lick,  and  on  the  Monongahela  River  from 
450  to  nearly  600  feet.  In  West  Virginia,  along  the  Monongahela  and 
Tygarts  Valley  River,  it  varies  not  much  from  420  feet. 

Upper  Coal  Qroup, — The  following  table  shows  the  synonyms  of  the 
coals  of  this  group. 


Ohio. 

Pennsylvania, 

West  Virginia, 

XIII. 

Top  at  Waynesburg. 

Not  identified. 

XIL 

Second  Waynesburg. 

Brownsville. 

XI. 

Waynesburg. 

Waynesburg. 

X. 

Uniontown?*? 

Absent. 

IX. 

Absent. 

Absent. 

VIIIc. 

Absent. 

Absent. 

VIIB. 

Sewickley. 

Sewickly. 

Villa. 

Redstone. 

Redstone. 

VIIL 

Pittsburgh. 

Pittsburgh. 

In  this  group  the  wedge  shape  of  the  strata  is  more  distinctly  shown 
than  in  either  of  the  lower  groups,  partly  because  of  the  persistence  of 
the  coal  seams  and  partly  because  of  the  long  continuous  sections  which 
can  be  obtained  over  a  great  extent  of  country.    In  it  too,  there  is  a 
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oearor  aiipixiitimatioii  loeAlly  to  pai-alklisni,  wliile  at  tlie  aume  time»  the 
itaral!ellsm  h  appiirent  rather  thaii  real,  rut  the  beds  converge  on  ea«li 
«ido  of  rUe  Imuj^h,  So  gnMlual  i*i  this  coiivergcnoe^  however,  that  for 
all  pnioticiil  puriKiiie*  moit  of  the  beds  might  be  reganled  as  parallel  few 
fthort  dbtaneeH., 

If  we  aseeud  the  Cen'rai  Ohio  Hailrotid  from  the  river  ta  the  summit^ 
twe^otj'  two  miles  went,  or  better  yet^  ascend  WheoliDg  Mill,  qii  the  Na- 
tionai  HoitI,  fimr  nukb  from  tho  river,  wo  courit  nine  weH marked  hecU 
of  QtmU  bo  Tinning  with  VtlL  If  wo  desciHid  weatwardly  from  the  rail- 
road snmtnit  or  from  the  National  Road  otj  the  west  side  of  tlte  Wheel- 
ing  CriJck  dividtj,  we  tind  only  six  beds  Ut  and  inclndtng  VI U,  the  top- 
moefe  bed  in  cmh  case  being  XIII.    Let  ua  oompaie  the  two  i^ectiotts. 


t*  Sand&toiie^  Jtc.  .,,,,,,,.,.. 

2.  XIII ..,...,. 

3.  Hhale  and  BandbtQne  ...... 

4.  XIL.,. ,....., ..._.,,.... 
fi*  Sandstone  , , .,,... 

6,  XI  .,... 

7.  Handstone,  etc. . . ...... 

K  X , 

9.  Sandstone  ,....,,,• . , 

30.  IX , , 

1 1.  Limeftti:»ne  and  Calc.  Bhale^ 

12,  Vllk 

KL  i5aDdi*tone,  .__,,.*_ ^,, ,,,, . 

14.  VIJl*.. 

15.  Lim€i*totje      

W.  Vlibi. 

IT.  Limeatone ...* 

is;  Shale ..   ,.... 

1!>.   VilJ   ,.,. - 

'20,  t'lay  and  Lijueetone. , 

21.  Sandstone  and  Limestone* . 

2Z.  Khiiles,  ett^. 

24i  Crinoidal  Liine$t4ine  ....*.. 


*Xi*' 


The  first  section  is  that  olitaiiwd  on  the  railroad  east  from  the  ^unjitiit* 
The  wcood,  ti>  Ko,  21  inclusive,  waii  obtained  by  desoending  from  the 
ammit  acioswUm  Naliomd  Fioad  to  t^tiUmnter  Cieek.  Kos.  32  and  23 
frurts  oil t  lined  on  the  riiiJroad.  This  sciaiiitn  differti  froni  that  obtained 
on  the  raih^Md  wcsi.  Tnnn  thv  mimmif^^  only  in  Nos*  l>  and  lU  which  arc 
there  GO  arul  41  feet  respectively^  ttie  latier  l»eing  princsipally  sandstone.* 
Re&peirtiijg  the  identity  of  No,  Ul,  in  both  sections  there  is  no  dispule* 
It  b  beyond  all  doubt  coal  VI 11.  ( Pittsburg).  Xmdt  from  inlei-nal 
evidonce  fnmi>*hed  by  llio  seam  it&cir»  there  ib  abundant  strati  graphical 
t*roof  of  identity.     I  hiivt*  traced  the  bed,  with  the  Crinoidal  Limestone 

ilivcurreni  daiiAing  LI>)f  »l.l.0niUnfii 
A.    P.    8.^ VOL.    XIV.    2k 


fltterenson.] 


290 


fDee.  18, 


below,  all  the  wny  round  its  western  and  northern  out-crop,  from  the 
Central  Ohio  Railroad  to  Steubenville,  on  the  Ohio  River,  and  thence 
down  the  river  to  Belleair,  the  iuitial  point  of  the  first  section,  where  it 
proved  to  be  the  No.  Id  of  that  section  My  idelitification  of  No.  S,  of 
the  second  secti<m  with  No.  8  of  the  first  has  been  called  in  que^ition  by 
Prof.  Andrews,*  who  regards  the  former  as  equivalent  to  No.  12  of  the 
Section  I.  No.  8,  of  Section  II,  is  known  as  the  Upper  Baraesville  Coal, 
and  No.  12,  of  Section  I,  is  the  Glenco  Coal.  As  I  take  it,  Goal  X  at 
Glenoo,  is  one  hundred  and  ten  feet  above  YIIIc  (Glenco),  while  at 
Barnesville  it  is  one  hundred  an  1  five  feet  above  VIII  (Pittsburg).  There 
should  be  no  dispute  respecting  this  matter.  It  is  not  so  complex  as  to 
require  much  skill  for  its  determination.     At  Qlenco,  on  the  Central 


Coal  XI. 


Interval . 


CoalX. 


Interval . 


Coal  IX 


Interval . 


CoalVIIIc. 


100' 


40' 


70' 


I  Ohio  Railroad,  nine  miles  west  from  Bel- 
I  leair,  the  cuals  are  shown  in  the  hill  as  in 
the  section  on  the  margin,  and  hold  the 
same  relations  as  in  Section  I.  VIIIc  dis- 
I  appears  under  the  i-ailroad  about  two  miles 
west,  and  IX  at  about  seven.  X  and  XI  re- 
main above  the  riilroad  to  Belmont,  20 
miles  from  Belleair,  where  the  road  rises 
above  X.  In  the  meantime  XII  is  caught 
by  the  hills  near  the  railroad.  We  are  now 
seven  miles  from  Barnesville  and  the  rail- 
road summit  intervenes.  Ascending  to  the 
summit  and  descending  thence  to  Barnes- 
ville, we  obtain  the  following  sections. 


1«  Shales  and  Sandstones^ 

2.  Coal  XIII,                      } 
8.  Shale  and  Sandstone  .. . 

in  the      .... 

Summit    .... 

cut 

5( 

1 
70' 

1' 
40' 

2'6" 
98' 

8' 

)' 

L' 

70' 

4.  Coal  XII 

1'3" 

5.  Sandstone  and  some  Shale 

30' 

6.  Coal  XI 

3'4- 

7.  Sandstone,  etc 

100' 

8.  Coal  X 

4  -f 

No.  8  in  the  second  section  is  the  upper  coal  at  Baraesville,  and  it  cer- 
tainly is  the  same  with  No.  8,  in  the  first,  which  is  the  one  marked  X  at 
Glenco,  where  it  clearly  lies  110  feet  above  VIIIc,  the  Glenco  coal.  It  is 
evident  then,  since  X  is  110  feet  above  yill<;  at  Glenco,  and  105  feet 
above  VIII  at  Barnesville,  that  somewhere  between  these  two  points,  the 
strata  below  No.  11  of  Section  I,  to  No.  17  inclusive,  of  the  same  section, 
have  disappeared,  bringing  X  about  90  feet  nearer  to  VIII  than  it  is  at 
the  river. 

But  this  is  not  the  full  extent  of  this  interesting  alteration  of  I'elations. 
If,  starting  from  the  railroad,   we  go  through  Belmont  and  Jefferson 


*  See  Prof.  Andrews'  rejoinder  to  Prof.  Newberry,  Amer.  Joum.  Scl.,  July,  1874 
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Couutbs  to  the  extit*me  novthern  exposure  of  the  Pittsburg  coal,  we  ob- 
tain m  beautiful  be  lie  b  of  t^ectioQB  fellj  iHnttratitig  the  wedge-i*hape  of 
tieartj^  every  stratum  between  coals  VI 11  and  X,  lathis  series  Goal  IX 
do4!j»  not  Appear,  as  it  tMiis  otit  eastward ly  mid  does  not  reach  the  line  of 
section .  It  is  present,  however,  in  the  actions,  taken  four  mUea  weaA 
from  this  line.     The  localities  of  the  sections  are  as  follows  : 

L  C\  O,  Fi  R-  2,  Croaaing  of  LitUe  Short  Creek  by  Wlieeling  Fhmk 
BOAd.  3^  Near  Mt  Fbaiiant  4.  Between  Short  Creek  and  Smithleld* 
5.  Between  Smithheld  and  Little  Metntyru  Creek*  6.  Near  StnithJieUl 
station  on  P.  C.  &  SU  L,  R.  R,  7.  NeJir  Kno^vlUe*  Of  those,  the  tlrst 
two  are  in  Belmont  County,  the  rest  in  JeHerson  County. 


1 

t 

11. 

tIL 

It. 

V. 

YL 

VL 

J,  CoalX 

8' 
40' 

0 
70^ 

4' 
25 

I' 

35' 

7' 

50' 

0 

64' 

0 

15' 
V 

5' 

0 

48' 
1' 

0 
15' 

4' 

«'6' 

U 
45' 

a 

S' 

w 

4'9^' 

21 

0 
6' 
1' 

0 
f) 

/ 

H 

0 
0 

0 
0 

0 

^> 

0 

0 
5 

2,  Sandstone .,,,,.- 

a  Coal  IX 

0 

4.  Limefitone  and  Shale.. 
n.  \iiu  ., 

0 

U .  S  indstone  ..^..u....^^. 

a 

7.  VIII^ 

u 

B,  Limestone , . , 

%  Ylllfl.  <...,. ,. 

0 

10.  Li  mestone  and  Sh ale . . 
IL  VUI....,.-. 

0 
4^ 

The  KnoxviUe  section,  by  Mr.  H,  Neirton,  ia  of  further  interest  in  that 
it  shows  Coal  XI  to  be  only  78  feet  above  X,  T?herea&,  iu  Belmont  County 
tJiia  interval  is  from  95  to  105  feet.  This  series  fchows  that  Uie  interval 
between  VIII  and  X,  which  at  the  railroad  is  almost  200  feet,  is*  reduced 
to  only  iH}  feet  at  Eno3Cville^  and  that  the  reduction  is  ooniparatively 
gradual^  the  distance  being  say  thirty  miles. 

Passing  into  Pennsylvania  I  Bekct  four  sectionsf  from  a  mass  which 
^re  equally  illustrative,  and  ari^nge  them,  beginning  with  the  most 
western  and  going  eastward,  I  take  only  those  showing  the  relations  of 
the  Pittsburg  to  the  Itcdstoue  and  Sewiokiy^  as  the  sectionH  containing 
the  higher  coals  are  for  the  most  part  imperfect  in  the  lower  portion. 


lotervanioeks. 
Scwickly  CoaL , 
Interval  Roekfl. 
Redstone  CoaL 
Interval  fiockt. 
Pittsburg  Coal . 


121'  + 

iriO'-r 

30'+ 

0'? 

4' 

3' 

47' 

80' 

2S' 

— 

H 

3' 

50' 

a5' 

20' 

lOi 

10' 

W       t 

50* 


These  seem  to  show  a  diminution  In  the  thickness  of  the  intervening 
rocks  toward  the  east.     In  connection  with  the  fourth  section  it  may  be 

*  In  tb«  Sections,  a  dsih  slgnJOe^  thmt  the  atpcianre  \9  sti^h  s«  not  to  niSmit  of  iiott^ 
rAt«  dsAfurcment, 

t  (1bq1«^  cif  Penn.,  V&l  II,  pik  030,  615^  lOl.  and  All- 
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well  to  refer  to  one  g^iven  on  p.  640,  lying  muoh  farther  toward  the  west. 
In  the  latter  the  interval  between  the  Pittsburg  and  Uuiontown  coals  is> 
said  to  be  245  feet,  while  in  the  former  coal  is  only  about  50  feet  above  th& 
Sewickly  and  consequently  but  90  feet  above  the  Pittsburg. 

In  West  Virginia  the  conditions  are  somewhat  peculiar.  In  the  narrow 
Panhandle  at  the  nortb,  IX  and  X  of  the  Ohio  section  are  absent.  They 
thin  out  befoi-e  crossing  the  Ohio  river,  VIII(r.  is  seen  on  Wheeling  Creek, 
W.  Va.,  but  does  not  i-eappear  on  the  easc'side  of  the  trough.  Otherwise 
the  Panhandle  section  o£fers  little  of  interest  and  shows  no  material  vari- 
ation near  Wheeling  from  that  obtained  just  west  from  Belleair. 

In  Monongahela  Co.,  near  the  State  line,  we  find  on  the  east  sideof  th& 
Monougahela  R.  the  following  section  :  Sewiskly  Coal,  1  ft. ;  interval, 
40  ft. ;  Redstone  Coal,  4  ft. ;  interval,  60  ft.  \  Pittsburg  Coal^  0  to  8  feet. 
On  the  opposite  side  of  the  river,  and  barely  thcee  miles  away,  the  section 
is  Sewickly  Coal,  5  ft  ;  interval,  45  ft. ;  Redstone  Coil,  4  ft. ;  interval, 
14  ft. ;  Pittsburg  Coal,  lower  member,  10  ft.  This  change  results  from 
the  disappearance  of  the  heavy  sandstone  overlying  the  Pittsburg  on  the 
east  side  of  the  river. 

The  limestones  of  this  group  disappear  some  «rhat  abruptly  southward, 
and  give  place  to  shales  and  sandstones,  so  that  satisfactory  sections  are 
by  no  means  frequent.  I  give  for  comparison  the  average  sections  for 
Mouongahelti,  Marion  Harrison  and  Upshur  Counties : 


5' 
1QO,  Not  caught 

lf5,j   byhilU. 


i.  Waynesburg  Coal ;  6'    -0' 

2.  Interval  Rocks 183'-207'  ) 

3  Sewickly  Toal I  1'    -6'  \      240' 

4.  Interval  Rocks 40'  -49'  J  41'                20' 

5.  Redstone  Coal 4'    -5',      2'  -3'    2'  -4''       1'    -2' 

6.  Interval  Rocks., I  14'  -60'     70'-80'  20'-25';     40'    -60' 

7^  Pittsburg  Coal....  ^  _^ 6'  -14'',      8'  -9'    6'  -9'| 3'  9"-4^ 

I  feel  much  hesitation  in  identifying  the  Redstone  Coal  in  the  last  sec- 
tion, and  think  it  much  more  likely  to  prove  the  Sewickly.  The  differ- 
ence between  the  Marion  and  Harrison  sections  is  very  marked,  the 
interval  between  the  Pittsburg  and  Wayoesburg  being  in  one  case  320' 
and  in  the  other,  at  most,  190'. 

Conclmiom. — A.fter  a  careful  study  of  the  barren  and  upper  coal  groups 
throughout  the  northern  portion  of  the  great  bituminous  trough,  I  am 
convinced  that  as  a  whole  the  subsidence  was  regular,  approaching  uni- 
formity, but  that  locally  there  were  bulgings  or  other  irreguliarities,  such 
as  could  not  fail  to  accompany  any  operations  so  extensive.  The  lack  of 
parallelism  results  from  the  conditions  of  deposition,  which  rendered  parr 
allelism  impossible.  The  two  groups  refen  ed  to  were  deposited  in  a  great 
trough  whose  eastern  boundary  was  the  Alleghany  Mountains  ;  the  west- 
em,  the  Cincinnati  axis.*  They  diminish  quite  regularly  in  thickness,  east 
and  west,  from  a  central  area  between  the  Ohio  and  the  Monongabela 

*  The  9uh.stii.noe  of  this  portion  of  tho  paper  was  published  March  4, 1873,  in  Annals 
Lye.  Nat.  Hist.,  Vol.  X.  pp.  247,  */  %€q. 


mti 


[St*vcnft»ii. 


river&  We  may  ompart*  eaeb  group  to  an  enornsons  bowli  tomewbat 
elonga.t«  and  with  ll;%u«JJei1  lifuH*. 

At  the  bei^iuuhig  of  tbe  uppur  caal  em  tlii*  trtwigb  was  n  great  arm 
ot  the  84;aj  clciitely  laml  Im^koii  and  com u> un  teat iii^  wUh  tlic  oco^u  at  tlie 
Aoutbwest;  byHCompanHively  itnrrow  outlet.  t)n  the  enM.  ami  soutliea^t 
sides,  rivera  brQU}>bt  in  (Ueir  Ijiidti  of  datntu^  frimi  ibe  bii;blj^utis  ^i  be 
spread  over  the  bottoni.  whicb  gradually  deciliiied  towj^xl  tbe  wi?«t  »tid 
northwest.  On  the  i>i>p*mite  chores  few  !<^ttx'ft»is  dowed  out|  and  »\mh  ai 
€;ime  were  BluggifN^  be;irmjj  no  coarse  material.  The  pUce  of  ^jiuet,  pui-e 
Wftter  i»  marked  Uy  de^mit  of  limestone  in  the  uorth,  while  a  wimilar 
maiiEt,  traeeabk  tbnmpjb  Ohio  *outbwivstwardly,  marks  tbc  dire^tioa  of  tbe 
<Hjtlet,  The  h>tr  «hore  of  the  soulbe.vst  is  marki?d  by  thi*  »iialIow  water 
detrital  depc&itM  aod  the  mt**r  absence  of  Umestoiuifci  iu  West  Virgmia, 
•outb  from  the  N*  W,  Brmch  of  tlie  Biltimora  and  t»lno  RUlroail, 

Tlte  wedge-sbai>e  ot  the  rocks  inlervening  between  tiie  eoals  of  this 
If  roup  bas  been  ubown  both  iii  PeDusylvanU  and  Uldot  oast  and  went,  iii^ 
well  ^8  in  West  Virginia,  where  the  tapering  is  southeastward  towanl 
that  edge  of  the  trougb.  The  structnre  of  the  trongb  may  be  illustrated 
a&  foUows  : 

Let  a  basin  with  gently  sloping  sides  be  lined  with  some  black  sub* 
Btuuee  ;  then  flUed  with  some  matenai  whiob  wiM  beoonk^  hard,  in  which 
H  similar  black  mihstauce  m  an^ugcd  id  layQrs^  some  .jf  them  covering  the 
whole  snrfacts  and  others  oxt4?ndm^  only  part  of  the  way  from  tlie  border 
toward  the  middle.  Now  break  away  the  bowi  remove  the  black  exterior 
to  near  the  hiuie,  at  ttie  wame  time  cutting  off  portloua  of  the  hardened 
masi  ar<innd  tbe  bord<^r  above,  &o  as  to  give  tlie  whole  an  irregular  sm- 
ftKie,  It  ere  we  hav^e  a  rude  representation  of  the  upper  eoal  group*  per- 
bapH  an  ^ood  as  any  that  can  he  made  on  a  small  scale.  If  this  mass  be 
divided  vertieally  in  two,  the  face  of  each  piece  will  rudely  resemble  a 
vertical  sairtion  across  the  group  from  Harrison  Co.y  Ohio,  to  the  eastern 
portion  near  the  PennBylvania  and  West  V^lrginm  line. 

In  i>biOt  Vin«i,  VI116»  Vlllr  and  IX  are  traced  diixjctly  to  where  they 
have  di&appcared,  while  X  and  XI  have  been  found  suecjesHively  approach- 
ing VIIL  In  Fcnniiylvatiia  similar  condttions  ©liat,  but  the  extensive 
erosion  along  the  Alleghany  slopes  prevents  us  giving  so  full  a  present*!- 
tjon  as  that  from  Ohio*  In  each  cJise  we  lind  the  underlying  Pittsburg 
reaching  farther  ejiat  and  went  than  the  immediately  overlying  bed.-*,  and 
continiiaUyapproachinL(the  hij^her  ones,  untU,  on  both  sides  of  Uic  Irougli, 
farther  stndy  is  cut  od"  by  the  completeness  of  erosion, 

I  am*  thi^refore,  compelled  to  believe  that  ail  the  t-mth  *>/  ihfi  upper  rt^at 
ffft^tp  *trti  fjjf'^thooti  ff&m  one  ei^titintiaus  marah^  tehieh  e,rkt^d  from  ih* 
btfii fining  of  tft^  fra  to  iU  HmB,  itnd  trhieh  in  lU/iiU  eM*^nt  Im  noi/f  kn&tf>n  a« 
the  FnUbnrg  Coal  Smm,  During  tbe  whole  time  of  formation  of  the 
upj>er  coal  group  the  jgencral  condition  was  that  of  regular  iinb?»idenee 
iutcrnipted  by  longer  or  shorter  intervals  of  repose*  During  tbe  time 
of  ^nbaidenco  tbe  marsli  advanced  up  the  sides  of  the  trough,  as  new 
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land  wAi  coutinuailf  becoming  fitted  for  it«  iiipport*  Duriog  i^]>oBe, 
ik»llaa  were  formed  in  rb©  bay,  and  the  marsli  ptiMlied  out  ward  on  the 
newly  formed  land*  If  tke  i*erbd  of  mjwae  were  long  cnongli  Ui  |>«irnilt 
Iht*  hay  to  be  filled  ap,  the  marnU  would  crois  to  the  other  side  if  tiegan 
on  only  one,  or,  If  pushing  out  from  all  sitten,  it  wotild  reach  the  centre. 
The  Fittebnr^,  Redstone,  Sewickly  and  Wayneaburg  originated  at  the 
eaiit,  for  tbere  they  atuun  their  greatest  thickneaH,  while  weiitward  tbey 
diminish,  Vlllf  IX  and  X  of  tba  Ohio  section  are  thmkest  weatwatd 
and  then  eaatwaid,  the  lii-fit  hnrety  CToeatDg  the  Ohio  river ;  the  other» 
diijappeannji  before  iiiey  reach  it» 

It  may  lie  objected  that  a  marKh  requires  an  almost  level  plain  for  i*» 
exUt&nt^.  Nothitig  coukl  be  moi-e  orroneotti  than  such  a  puppoftitioni 
for  iUl  necessary  condittone  may  exiat  on  a  hJU-«ida  wjth  not  too  steep  n 
slope.  In  Calorado^  I  found  on  Arkaubaa  F&ss,  near  the  head  of  the 
Arkaueass  liver,  au  immeu&e  moraaa  cove  ring  the  whole  surface  between  tlie 
cafion  wftlb,  a  dist&tiDe  of  mone  than  one-fourth  of  a  mile.  U  reaches  for 
sevenil  mile»  down  the  cafjon,  who&e  nof>r  baa  a  fait  of  nearly  two  degrees. 
This  is  no  petty  swamp.  To  all  intents  and  pnr|H:»^a  it  U  a  bottumleia 
niorafts^  almost  imp&eaable  to  mounted  stock* 

There  i»  every  i-eaaon  to  suppose  that  previous  to  the  np|ier  coal  ^pochf 
the  condtlious  were  by  no  means  so  regular  throughout  the  baam.  It  ia 
highly  probable  that  juet  before  the  beginning  of  that  epoch,  th«i  trough 
was  narrowed  and  the  easl«rB  border,  at  leasts  much  raised.  Otherwias 
it  would  he  ditHcult  to  explain  why  it  is  that  the  PitlHhurg  Coal  doen  uot 
distinctly  overlap  the  lower  Barren  group*  At  time.^  during  the  lower 
coal  epoch  the  folding  proceaa  must  have  been  carried  on  quite  enerpeti^ 
caby,  nxai'h  more  so  than  during  th«  epoch  of  the  tipper  coals.  In  the 
latter  there  are  found  no  subordinate  foMa  »ueb  as  are  e3c)itbited  in  the 
former ;  iiioh,  for  tsxample»  aa  occurred  previous  to  the  fotmation  of  Ihe 
Kittanning  so  as  to  produce  the  secondary  troughs  in  which  that  coal  lie* 
causing  so  great  varit'itions  in  tlie  thickness  of  the  interval  between  it  and 
the  Upper  Frecport*  It  seems  quite  possible,  judging  from  »onie  ohser* 
i^ationg  in  Ohio,  that  similar  stil^iordinate  foldings  may  have  taken  piaoe 
previous  to  the  formation  of  CcaJ  ///,  the  next  below  the  Kittanning. 

In  view  of  the  facta  given  in  tlus  paper,  1  feel  juatiiied  in  ejctendiug  mj 
atatement  that  the  Indiima  and  Appalachian  coal-flehls  were  not  ooci' 
neeted  during  the  lower  barren  and  upper  coal  epochs,  by  asserting  that 
t\mm  ia  no  reason  to  aupposttthat  they  were  ever  united  n>rth  from  K«n« 
tucky.  Whether  or  not  they  were  united  farther  toward  the  south  muftt 
be  iletermined  by  oUiem* 

Thus  fitr  no  re  fere  m:^  has  been  made  to  the  trough  or  basin  lying  oait 
from  the  Alleghany  Mouutaim*  and  botding  the  liarnau  and  the  Lipjier 
Coal  Group.  The  terril^o  eroeion  which  this  region  hsm  fcutti^n&d,  only 
fragmentary  areas  of  coal  remaining,  nnideri*  the  collection  of  details  m 
work  of  great  dinicnlty,  and  few  obsen^ations  exists  which  bear  upon  the 
(loestion  under  disciiailc^*  This  baein  and  Uie  Great  BittiuiinousTrongli 
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•eein  to  Imf-e  been  branchoa  of  one  grent  liisin  daring  the  Upper  Coal 
epiKjIi*  They  wore  aepanit^  by  a  taogue  of  Linrl  Uperio^  soutbwardlj 
aud  termlaUing  io  We*t  Vu^giniii,  not  fai*  from  tbe  >[ar>iand  line.  The 
aMt^m  bftain  tupidly  lost  tta  wid^li,  aiul  ncarihe  union  was  qnit« narrow. 
The  relation  between  the  two  bnAina,  as  I  untkrsUnd  it,  is  nidob^  repre- 
sented in  the  nccompanjing  figure,  in  which  A,  i»  the  wentem,  and  B, 
the  eistyem,  which  latter  now  ooutniatt  the  frugmeutary  jirea^  of  semi- 
bitumtDonii  and  anthracite  coal. 

Whether  or  not  this  division  of  the  ooaMleld  eatisted  from  the  beghi- 
niug  of  the  period*  I  am  nnabld  to  conjecture,  as  my  material  reaficctinii 
the  Lower  Co*l  Gronp  li  not  siT^clent.  But  that  it  had  occtim^d  before 
the  formation  of  the  Barren  Group  limits  of  no  doubt,  as  that  ifrmip  ha% 
a  welMefined  saueer-^hape  iu  the  O mat  Trough,  and  th ioke its  east  wardly 
fnim  tliedividiti;^  area,  [n  like  manner  the  Upper  CoaJ  Group  thickens 
ea*t  and  west  from  the  same  reg-ifin,  the  Pittsburg',  Hed stone  and 
Sewickiy  C<»aU  being  as  well  marked  in  the  eastern  basin  a»  in  the  west- 
eni. 

The  eastern  ba^in,  as  might  have  been  expected,  nhows  little  limeatone 
amid  its  strata*  Surrounded  on  alt  side»  hy  highlands,  it  wa&  fed  by 
numerous  streams,  whicli  brought  down  Bufficlent  detritna  to  render  ita 
water*  turbid  throughout  Its  mouth  was  i>b} iterated  topographically  by 
the  tiual  con vuU ions  of  the  A[>palachium  Revolution,  so  that  its  precise 
position  is  to  be  ai&certained  only  by  close  exploration. 

The  common  basin,  below  the  junction  of  these  branches,  was  bi'oad 
and  never  completely  filled  with  detritus  so  as  to  permit  the  marshes  to 
cross  it  t  certainly  at  no  time  after  the  formation  of  the  Pittsburg  in 
thai  region.  This  bed  cannot  be  traced  across  the  basin,  owing  to  the 
fact  that  it  is  deeply  conoealed  in  the  centre,  hut  the  Wayneshurer  anil 
Brownsville  thin  out  rapidly  toward  the  west,  and  iu  West  Virginia, 
bare  almost  disappeared  before  reaching  the  disturbed  region  known 
M  the  ** Oil  break,"  Limestones  are  almost  unknown,  and  for  four 
hundred  feet  on  top,  the  rocks  are  entirely  sandstone  and  shaloi  all  the 
limestones  and  coals  belonging  to  that  horizon  being  absent. 


ON  EXFOLIA.TION  OF  ROCKS  NEAR  GETTTSBLTIG, 

Bt  p.  Fk^zeh,  Jr. 
(Read  b«/$rt  the  Ammrk^n  Phil&9&phical  Soeietff,  Dee,  €thy  1S74.) 

During  an  exam i nation  which  I  made  of  the  Syenite  boulders  whi  .h 
eompotse  that  part  of  the  battle-field  of  Gettysburg,  called  the  ''  Derira 
Den/^  (a  collection  of  great  blocks  of  tliis  rock  piled  one  on  another  in 
the  wildest  confusion  and  lying  ahoul  ^  mile  west  of  **  Granite  Spur  ^ ' 
or  Little  Round  Top»  the  ravine  where  Vincent*s  Brigade  held  their 
ground  so  manfully  on  the  afternoon  of  Thuriday,  July  2,  18&3,  and 
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Round  Top  proper,  where  the  Sixth  Corps  of  the  Army  of  the  Potomac 
intrenched  during  the  night  of  the  2d  and  the  morning  of  the  3d, )  my 
attention  was  directed  to  a  singular  example  of  weathering  which  was  so 
entirely  novel  to  me,  that  I  determined  to  secure  specimens  of  it  for  ex- 
hibition to  this  Society  as  well  as  the  Academy  of  Natural  Sciences. 

It  seems  to  oi)en  to  me  a  new  view  of  concretionary  structure  as  weU 
as  surface  weathering,  and  is  an  important  item  for  consideration  when 
the  rock  is  intended  for  building  purposes. 

The  fracture  of  those  rocks  (and  indeed  of  all  rocks)  should  be  sub- 
divided into— 

1.  Fracture  on  large  planes. 

2.  Fracture  on  small  planes. 

It  is  essential  to  know  whether  reference  is  made  to  large  or  smaU 
planes  when  the  kind  of  fracture  is  described  in  all  rocks,  for  though  the 
general  habit  of  the  large  plane  may  be  a  curved  surface  where  this  is 
shown  in  the  original  boulder,  the  smaller  fragments  may  exhibit  splin- 
tery, earthy,  or  any  other  fracture. 

Several  of  these  large  boulders  are  visible  in  the  "  Devil's  Den,"  which 
present  100  square  yards  or  more  of  surface,  and  in  one  or  two  cases 
where  the  fracture  seems  to  have  been  recent,  the  surface  is  very  homo- 
geneous, the  curve  very  smooth,  and  the  rock  very  sound  and  hard,  and 
with  a  bluish  gray  color  entirely  different  from  the  brown  which  it 
assumes  in  places  where  it  has  been  more  exposed  to  the  weather. 

In  some  of  these  latter  specimens  it  would  be  difficult  to  persuade  the  eye 
that  the  object  was  not  a  Cyclopian  wall  of  rounded  and  square  blocks 
built  up  by  the  hand  of  man,  nor  is  the  delusion  dispelled  by  a  close  ex- 
amination of  the  rock.  The  spaces  between  the  apparently  separated 
blocks  are  seemingly  in  need  of  ''pointing  up,"  but  otherwise  there 
seems  to  be  a  material  at  the  junction  different  from  the  mass  of  the 
rock. 

At  one  blow  of  the  hammer  a  shell  varying  in  thickness  from  i  to  J 
inch  and  discolored  by  weathering,  though  not  friable,  falls  off  and  the 
surface  beneath  is  seen  to  be  of  noi  mal  structure,  texture  and  tenacity. 

One  curious  part  of  this  phenomenon  is  the  tendency  of  the  weathered 
surface  to  become  conchoidal,  even  where  the  face  of  the  rock  is  plane. 
It  results  from  the  gradual  sinking  of  the  outside  surface  towards  the 
depressions  that  form  the  divisions  between  the  separate  blocks.  The 
mode  of  formation  of  these  curious  false  walls  appear  to  be  first,  the 
gradual  solutions  of  parts  of  the  Labradorite  matrix  between  the  horn- 
blende crystals. 

Certain  lines  are  more  readily  soluble  than  others,  and  these  gradually 
deepen  as  the  troughs  that  are  formed  conduct  more  water  over  the  most 
yielding  parts.  The  small  crystals  of  hornblende  in  such  troughs  after 
losing  their  support  falls  out  and  are  washed  away,  and  at  the  same  time 
the  sides  of  these  miniature  troughs  being  constantly  subjected  to  the  sol- 
vent action  of  running  water  and  the  trituration  of  the  suspended  matter 
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nny  be  represented  to  have  been  burnt,  as  the  number  of  Lorees  among 
the  tribe  is  very  small.  Although,  according  to  their  belief,  when  an 
Indian  dies,  his  spirit  goes  to  the  E^t,  which  they  consider  the  **  White 
Man's  Hunting  Ground,"  and  where  he  would  be  uoable  to  hunt,  were 
his  spirit  deprived  of  these  valuable  aids.  The  remains  are  then  covered 
with  earthy  whether  really  buried  I  could  not  ascertain. 

Amongst  the  Sioux,  when  an  Indian  hands  to  another  a  stick,  it  im- 
plies a  horse,  and  as  soon  as  the  recipient  liands  the  stick  to  the  donor 
(when  at  the  latter's  camp)  the  horse  is  given  in  return.  This  custom  is 
only  observed  while  a  party  have  collected  to  dance,  and  the  object  is, 
that  when  an  Indian  is  rich  enough  to  be  able  to  give  away  a  horse,  his 
vanity  is  so  immense,  th%t  he  must  relate  his  brave  deeds,  (Count  his 
Coos)  and  for  the  purpose  of  haviu((  at  least  one  admirer  upon  whom  he 
can  depend  for  applause,  and  Mattering  noticen,  as  "How  brave  T*  a 
noble  Dacotah  I  etc.,  etc.,  he  looks  over  the  assemblage  in  a  dignified 
manner  and  presents  some  one  present  with  a  stick  of  wood  (about  a 
foot  in  length,  and  thick  as  a  finger,)  for  which  a  horse  will  be  given  on 
the  following  morning. 

A  bimilar  custom  mighty  partially  be  need,  to,  so  to  use  the  term,  burn 
a  horse  in  oflS^y,  thereby  Having  a  poar  trilie  a  valuable  member  ;  for  I 
must  say  the  horses  are  tlie  better  of  the  two.  I  have  seen  and  been 
amongst  probably  thirty  sub-tribes,  but  the  Pah-Utes,  of  the  above 
named  region  are  the  only  ones  with  whom  we  came  in  contact,  who 
"Cremate.'' 

Very  sincerely, 

W.  J.  HOFFMAN, 

103  S.  Sixth  street. 


Stated  Meeting^  December  IStk,  1874. 

Present,  17  members. 

Vice-President,  Mr.  Fraley,  in  the  chair. 

A  letter  acce[)ting  membership  was  received  from  .Mr.  A. 
Selwyn,  dated  Montreal,  Dec.  8,  1874. 

Lettei's  of  acknowledgment  were  re(^eived  from  the  Royal 
Observatory,  at  Prag,  Oct.  8,  (XV,  i,  90,  91) ;  the  Batavian 
Society,  at  Rotterdam,  Sept.  2G,  (89) ;  and  the  Victoria  In- 
stitute, London,  Xov.  28. 

A  letter  inviting  subscription  to  three  sheets  of  photo- 
graphic ])ortraits  of  members  of  the  Hungarian  Academy, 
was  received  from  M.  L.  Aigner,  Buda-Pest. 
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A  letter  of  envoy  was  received  fix)m  the  Liiinean  Society, 
at  Bordeaux. 

A  letter  declining  to  sit  upon  the  Meuuier  Committee, 
on  account  of  necessary  and  imperative  engagements,  was 
received  from  Prof.  Guyot.  A  similar  communication 
being  received  from  Prof.  Cook,  the  committee  was  dis- 
charged from  consideration  of  the  subject. 

Donations  for  the  Library  were  reported  from  the  Royal 
Batavian  Academy  and  Observatory;  the  Society  at  St. 
Gall ;  the  Revue  Politique ;  Nature ;  the  Meteorological 
Committee  of  the  R.  Society  ;  Essex  Institue  ;  Boston  Nat- 
ural History  Society,  and  Mr.  Edmund  Quincy ;  Prof.  Alfred 
Mayer ;  American  Chemist ;  Penn  Monthly  ;  Medical  News; 
College  of  Physicians ;  College  of  Pharmacy  ;  Mr.  Isaac  Lea; 
Historical  Society  of  Maryland  ;  U.  S.  Commission  of  Fishe- 
ries ;  Engineer  Department,  XJ.  S.  A. ;  and  Surgeon  General, 
U.  S.  A. 

An  obituary  notice  of  Chief-Justice  Read  was  read  by 
Mr.  R  K  Price. 

A  communication  on  the  alleged  Parallelism  of  Coal-beds, 
by  John  J.  Stevenson,  was  read  by  the  Secretary. 

The  ai)pro{>riations  roeommeiuled  by  the  Finance  Com- 
mittee were  ado})ted. 

Ponding  nomination  764,  and  new  nomination  765  were 
road. 

On  motion  of  ifr.  E.  K.  Price,  a  Standing  Committee  of 
Botanists  to  supervise  the  i)urchase  and  planting  of  trees 
for  the  Michaux  Grove,  in  Fairmount  Park,  purchased  out 
of  the  Mi<*haux  fund  proceeds,  was  aj^pointoil,  consisting  of 
live  memboi-s — Mr.  A.  H.  Smith,  Mr.  C.  E.  Smith,  Mr. 
Thomas  Mcehan,  Dr.  J.  A.  Loidy,  and  Dr.  J.  L.  LeConto. 

On  motion,  a  committee  of  three  Avas  appointed  to  consider 
the  subject  of  the  communication  made  to  this  Society  by 
the  Baron  do  la  Ronciere  de  Noury,  at  the  last  mooting,  con- 
sisting of  Prof.  Le.sloy,  Mr.  Briggs,  and  Prof.  P.  E.  Chase. 

And  the  meeting  was  adjourned. 
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Tho  following  letter  furnished  for  the  minutes  by  Mr.  Price,  will  ex- 
plain the  history  of  the  purchase  of  the  oaks  in  Europe. 

Office  of  Chief  Enginesr,         ^ 
OP  Faibmoumt  Pakk,  \ 

Philadelphia,  Dec.  lOtb,  1874.   J 
Hon.  Eli  K.  Prick, 

(Jhairman  Com.  on  NurMries,  J'c. 
D€ar  Sir: — One  of  the  objects  aimed  at  in  establishing  the  Michaux 
Grove  and  Nursery,  was  to  have  in  the  Park  not  only  a  school  for  Btudy, 
in  wliicb  might  be  seen  trees,  of  valuable  quality,  but  also  the  means  of 
detecting  the  spurious  and  unreliable  varieties  which  are  sold  for  pure 
species.  In  order  to  do  this,  we  should  be  able  to  show  every  variety  of 
Oak  that  will  live  in  this  climate,  including  the  sports  with  the  names 
attached  by  respectable  nurserymen  at  home  and  abroad.  This  is  just 
what  I  have  endeavored  to  do.  Immediately  after  the  resolution  by  Park 
Commission,  of  May  14th,  1870,  authorizing  the  exi>enditure  of  $500  for 
Oaks,  several  respectable  arborists  were  consulted  as  to  where  a  collec- 
tion of  Native  Oaks  could  be  had,  and  the  result  was  to  get  some  12  or 
15  species  of  American  Oaks,  being  all  that  I  found  in  American  Nurse- 
ries differing  from  well-known  species  already  growing  in  the  Park. 
Several  young  trees  of  each  of  these  species  were  bought  and  planted  on 
the  site  selected  for  a  Michaux  Grove.  Catalogues  were  then  procured 
from  several  foreign  Nurseries,  naming  over  100  species  and  varieties  of 
the  genus  Quercus.  On  my  visit  to  England,  in  1872,  Dr.  Hooker,  the 
learned  Director  of  Kew  Gardens,  was  consulted,  and  several  of  the  largest 
British  Nurseries  were  visited,  and  over  80  so-called  species  and  varietiee 
of  Oaks  were  examined.  On  my  next  voyage  in  1873,  other  nnrseriea 
were  visited,  and  then  the  first  order  was  g  iven  for  foreign  trees,  embracing 
from  3  to  6  plants  of  each  of  some  100  species  and  varieties  and  sports, 
with  the  names  they  bore  in  the  catalogues  of  the  most  respectabls  Nur- 
series. When  the  invoices  were  received,  it  was  eviddnt  that  some  of  the 
names  were  misspelled.  As  the  requisite  corrections  could  not  be  made 
at  the  time,  the  bills  were  laid  before  the  Park  Commission  for  payment, 
the  names  forwaided  in  the  Eaglish  invoices  wera  unchanged  with  the 
expectation  of  having  the  pn>per  corrections  made  at  an  early  day.  The 
work  of  correction  was  commenced,  but  has  been  interrupted  by  my 
illness,  and  thus  the  uncorrected  lists  were  unexpectedly  laid  before  the 
Philosophical  Society.  The  examinations  made  during  my  illness,  show 
that  a  large  proportion  of  the  names  are  to  be  found  in  the  list  published 
by  Paxton  in  his  Botanical  Dictionary,  and  also  in  that  most  complete 
descriptive  work,  the  Arboretum,  of  London,  and  also,  elsewhere.  While 
I  have  been  preparing  this  state  nent  in  a  condition  of  great  suffering 
and  almost  of  helplessness  from  the  violence  of  continued  pain,  my  wif^ 
has  kindly  marked  49  of  these  identified  names  with  descriptions  from 
which  any  expert  Botanist  may  recognise  the  plants.  This  work  of 
identification,  Mr.  Estabrook  is  quite  willing  to  undertake  as  noon  as  the 
spring  shall  bring  out  the  foliage.  Truly  yours, 

JNO.  C,  CUESSON,  Chief  Engineer. 


4 
4 
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TIIK    RB$0URCE9,  PRODUCTIONS  AMD  SOCIAL    COI^DITION 

OF  SPAIN. 

Br  Alexander  Dslmab, 

{Read  bff0f€  (A*  An^ricatk  PhiUmphi^ai  B&eietjfy  Januarg  15,  1875*) 
Introduction* 

Until  v^ery  lately  there  were  few  or  no  histories  or  WE>rks  of  refercEce 
fa  the  Eaglish  lau^uage  relating  to  Hpatu  T^bich  contained  any  infotiLm- 
tion  with  regard  to  that  country  later  than  for  the  perioil  185.>*>1  ;  aud 
a  survey  of  the  condition  of  Spain  frotti  the  *tatitJ-pt)lnt  thus  aftbrd«;(l 
presented  but  a  gloomy  prospect*  Durmg  the  «iicty-one  years  ending 
with  the  late&t  date  to  which  these  works  bring  the  student,  the  populft- 
tigii  of  Europe  and  America  had  nearly  doubled,  and  this  increase  in  the 
numbers  of  the  foremost  raoes  of  the  world  was,  as  it  always  is,  merely 
tlie  type  of  that  vast  and  almost  universal  material  progress  which  ren- 
der »ucb  incrcafo  possible* 

During  the  iamo  momentous  period,  serfdom  and  slavery  had  been 
condemned  or  abolished  in  both  continents,  and  with  it  the  feudal  system 
^nd  the  eorvc^e.  During  the  same  time  mankind  had  armed  itself  with 
the  titan io  powers  of  steam  and  electricity,  and  rushed  with  renewed 
etreugth  into  that  perpetual  struggle  with  nature,  which  is  its  heritage, 
but  in  the  maintenance  of  which,  at  about  the  l>eginDing  of  the  period 
referred  to,  it  had  become  well  nigh  exhausted,  for  lack  of  suitable 
weapons  and  appropriate  agencies.  Tliis  epoch,  too,  had  witnesised 
in  many  countries  the  separation  of  Church  and  State,  the  obliteration 
of  castes,  the  spread  of  popular  education,  the  establishment  of  popular 
representation,  the  mobilization  of  proprietary  rights,  the  development 
of  gi-eat  sciontiftc  progress,  aud  a  brilliant  iSeries  of  discoveries  in  every 
department  of  thought. 

Liu  ring  all  this  time,  marked  by  the  mighte^^t  strides  of  material 
{progress  wliich  the  world  had  ever  seen,  that  country  of  Europe  which, 
while  the  rest  of  the  Continent  was  shrouded  in  the  darkne.ss  and 
bigotry  and  superstition  of  the  Middle  Age^,  once  held  aloft  the  lamp  of 
science  and  built  ui>  with  the  hands  of  its  Semetic  occupiersa  civilkatiou 
ijeveral  centuries  in  advance  of  its  time;  that  country  from  which  subse- 
quently went  forth  the  imperial  dicta  that  controlled  one -half  of  the 
Continent,  and  all  of  the  newly  discoveied  wodd  beyond  the  Weitera 
Ocean,  lay  inert  and  motionless. 

The  counti7  of  Abderrahman,  of  Alfonso  ei  t^abio,  of  Ximeues,  had 
mode  no  sensible  progress  for  centu  ries*  The  numbers  of  the  people  were 
sub^tiiutially  the  same,  the  institutions  were  the  same,  the  Itves  they  led 
wero  the  same.  So  late  as  the  year  IS^fi  hut  one-lifth  of  the  surface  of  Spain 
was  cultivated;  the  rest  had  been  blaited  by  a  ruinous  syitem  of  exptoita- 
A.  p.  s. — VOL.  3ttv*  2m 
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tioD.  A  great  portion  of  the  entire  country,  cultivated  and  uncultivated, 
was  owned  by  the  Church  and  nobility.  The  Inquisition  bad  been  but  re- 
cently suppressed;  the  peasantry  were  still  in  a  cendition  of  serfdom,  the 
corvee  was  in  vogue,  the  country  swarmed  with  drones,  bandits,  smugglers, 
vagabonds  and  beggars;  religious  liberty  was  denied,  and  popular  education 
was  almost  wholly  unknown.  There  was  no  scientific  development ;  no 
well-established  middle  class,  and  but  the  beginnings  of  a  newspaper 
press  and  a  railway  and  tele^rraph  system.  There  were  few  or  no  roads, 
or  manufactories,  while  commerce  was  restricted,  and  free  discussion 
prohibited.  In  a  word,  Spain,  though  she  had  made  more  than  one  abortive 
attempt  to  do  so,  had  not  yet  fully  awakened  from  the  torpid  condition 
into  which  she  had  been  cast  ages  before  by  the  cold  hands  of  ambitious, 
unpatriotic  and  selfish  ecclesiastics.  The  rest  of  the  world  had  long  since 
awakened  to  a  life  of  freedom  and  joined  in  the  race  of  modem  develop- 
ment; Spain  was  still  asleep,  drugged  with  the  fumes  of  prescribed 
ignorance  and  dictated  intolerance. 

It  is  not  held  that  this  was  truly  the  condition  of  Spain  so  late  as  up  to 
1855-61;  but  that  this  is  substantially  the  picture  of  it  that  is  to  be  found 
in  many  of  the  most  authoritative  and  latest  works  of  reference  now 
extant  in  our  language  on  the  subject. 

The  following  view  of  Spain  was  written  during  the  reign  of  Ferdi- 
nand VII— about  forty  or  fifty  years  ago  (Macgregor,  994)  : 

''  Exclusive  of  about  a  fourth  of  the  population,  composed  of  persons 
living  on  their  property  without  doing  anything,  Spain,  according  to  the 
census  of  1797,  contained  100,000  individuals  existing  as  smugglers,  rob- 
bers, pirates  and  assassins,  escaped  from  prisons  or  garrisons ;  about 
40,000  ofiicers  appointed  to  capture  these,  and  having  an  understanding 
with  them ;  nearly  800,000  servants,  of  whom  moi-e  than  100,000  were 
unemployed,  and  left  to  their  shifts ;  60,000  students,  most  of  whom 
begged  or  rather  extorted  charity  at  night,  on  the  pretence  of  buying 
books,  and  if  to  this  melancholy  list  we  add  100,000  beggars,  fed  by  60,- 
000  monks  at  the  doors  of  their  convents,  we  shall  find  that  at  the  period 
referred  to,  there  existed  in  Spain  nearly  600,000  who  were  of  no  use 
whatever  in  agricultural  or  the  mechanical  arts,  and  who  were  only  calcu- 
lated to  prove  dangerous  to  society.  Lastly,  having  made  these  and  other 
necessary  deductions,  we  find  that  there  remained  964,571  day  laborers, 
917,197  peasants,  310,739  artizans  and  manufacturers,  and  34,399  mer- 
chants, to  sustain  by  their  productive  exertions  11,000,000  of  inhabitants. 
These  results  which,  mutatii  mutnndis,  are  applicable  at  the  present  day 
as  at  the  time  when  they  were  deducted,  exhibit  a  state  of  society  so 
radically  corrupt  and  debased  as  to  render  all  hopes  of  its  regeneration 
very  nearly  desperate.'* 

Said  M'CuUoch,  writing  in  1844  :  **  Owing  to  vicious  institutions,  bad 
government  and  other  causes,  Spain  has,  for  a  lengthened  period,  con- 
tinued stationary  or  made  little  progress,  while  other  nations  have 
advanced  with  giant  steps  in  the  career  of  improvement.'' 
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Said  Macgregor,  in  1850 :  *'The  government  of  Spain  can  scarcely  be 
considered  less  despotic  than  Russia  or  Turkey ; "  and  he  goes  on  to 
speak  of  **the  backv^ard  state  of  agriculture  in  Spain,  the  indolence  of 
the  rural  population,  the  great  numbers  who  are  otherwise  employed  than 
in  husbandry,  and  the  preference  given  to  pastoral  occupation  over  that 
of  tillage,"  etc.* 

Appleton's  Cyclopedia,  which  is  dated  1864)  though  it  notices  the 
beginnings  of  a  recently  developed  appearance  of  progress  in  Spain, 
states  that  agriculture  there  is  still  in  its  infancy,  notices  the  continuance 
of  the  AfsHta  and  other  institutions  of  the  Middle  Ages,  and  chronicles 
the  then  recent  conservative  reaction  typified  by  the  restoration  to  the 
Church  of  all  the  lands  that  had  not  been  sold.f 

In  brief,  the  picture  of  Spain,  which  is  obtained  from  the  usual  works 
of  reference  on  the  subject,  depended  upon,  or  accessible  to,  the  Ameri- 
c  ui  student^  is  that  of  a  Spain  still  sleeping  the  sleep  of  the  oentuties. 

But  this  picture  is  incorrect.  Since  the  date  of  these  works,  or  of  the 
information  which  they  contain,  Spain  has  made,  what  is  for  her,  enor- 
mous progress.  From  absolutism  to  constitutionalism  was  for  her  but  a 
single  jump,  and  not  like  France  in  1789  through  a  Reign  of  Terror,  but 
by  the  progressive  steps  of  an  orderly  and  deliberate  revolution.    This 

*  The  following  tables,  though  obviously  imperfeot,  may  neverthelefls  afford  an  indi- 
cation or  the  backward  social  condition  of  Spain  previous  to  recent  changes : 

Drones  in  Spain. 

Year  1797.  Year  182«.               Year  1857. 

Classes  of  Drones.  Mocgrci^or.  p.  094,       Macgregor,  p.  944,       Martin,  etc. 
and  M  'CuUoch,  840.      and  M'Cuiioch,  840. 

Smugglers,  etc 100,000  100,000  

Custom  Officers 40,000  40,000  27,922 

Domegtic  Servants 300,000  276,000  2'JtJ,uyo 

Student  Beggars 60,000                              47,312 

Beggars 100,000  38,000  

Monks 61,617  61,727) 

Nuns 82,500  24.007  J  125,0.0 

Other  Ecclesiastical 81,803  85,735) 

Vagabonds 140,000  

Inquisitors 2,705^  o-y  tmn 

Officers  of  Inquisition \  ^^^^  


Wandering  Convicts 2,000 

Army  and  Navy 600,000  100,000  241.335 

Nobility 350,000  478,716 


Tlie  classification  involves  questions  of  opinion  and  taste  In  which  I  am  far  from 
agreeing  with  the  writers  from  whom  I  quote. 

The  following  table,  from  various  authorities,  shows  the  ecclesiastical  population  of 
Spain  at  various  dates : 
Year.  Number.  Year.  Number. 

1787 188,625  1857 125,000 

IWJ 203,»S  1882 39,885 

IHa.} 175,574  1870 

Without  feeling  at  all  certain  of  the  accuracy  of  these  numbers,  I  think  it  safe  to  con- 
clude that  since  1855  the  porportlon  of  ecclesiastics  in  Spain  has  very  materially 
decreased. 

t  These  lands  wore  again  talcen  from  the  Church  and  sold,  the  Church  receiving  an 
equivalent  for  them  in  money.  During  the  subsequent  civil  war  this  payment  wa.^ 
stopped.  Upon  the  recent  accession  of  Alfonso  XII,  it  was  resumed.  The  substantial 
point  of  the  whole  history  is  that  the  people  hayc  got  the  lands  and  no  reaction  can 
deprive  them  of  them. 
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revolutioD,  like  its  predecessor  in  the  same  country  of  half  a  century 
before,  may  have  gone  too  far  and  subjected  itself  to  the  evils  of  a  con- 
servative reaction  which  in  time  will  destroy  all  its  good  effects,  but  this 
is  not  believed  to  be  the  case.  During  the  late  years  preceding  and  dur- 
ing its  republican  government,  the  Spanish  nation  so  thoroughly  destroyed 
the  power  of  the  bigots,  so  utterly  abolished  feudal  institutions,  so 
scatteied  to  the  winds  the  privileges  of  castes  and  monopolies  and  so 
clinched  and  riveted  these  reforms  by  the  educational  institutions  and 
agencies  of  material  progress  which  it  created,  that  for  it  to  go  back  to 
the  dark  ages  of  twenty  years  ago  is  simply  impossible.  Several  millions 
of  people  in  Spain  have  learned  to  read  during  the  past  fifteen  or  twenty 
years;  several  thousand  miles  of  railways  have  been  built;  several  mil- 
lions of  acres  of  additional  land  brought  under  cultivation.  These  are 
works  of  progress  that  cannot  be  undone.  Spain  is  like  an  inert  mass 
suddenly  hurled  into  the  illimitable  space  of  action;  she  must  go  on  now 
forever.* 

In  endeavoring  to  portray  the  recent  progress  of  Spain,  I  shall  confine 
myself  in  this  paper  chiefly,  though  not  entirely,  to  the  important  topic 
of  agriculture,  and  the  sub-topics  more  immediately  connected  with  that 
greatest  of  all  industiies.  This  is  done  not  only  because  progress  in  Spain 
means,  and  must,  for  some  ages  yet,  mean,  necessarily  and  above  all 
things,  progress  in  agriculture;  but  also  because  it  is  upon  this  subject 
that  current  works  of  reference  on  Spain  are  most  deficient. 

Natural  Resources,  Climate,  etc. 

Of  this  once  most  foremost  country  of  the  world,  it  may  be  said  briefly 
that  nature  gave  her  every  original  resource  and  man  destroyed  them  all. 
Situate  in  the  temperate  and  tropical  zones,  watered  by  two  oceans,  and 
penotitited  by  no  less  than  230  rivers,  nearly  one-half  of  her  soil  still  lies 
barren,  for  the  want  of  moisture  denied  her  by  the  destruction  of  her 
forests.  The  average  fall  of  rain  during  the  year  is  stated  to  bo  **  19.45 
inches,  while  the  average  heat  is  65^  42'  Fahrenheit,  even  in  winter  only 
falling  to  560  54'  and  in  summer  ascending  to  990."  U.  S.  Com.  Rel., 
18(18,  p.  373. 

In  Alicaote  and  many  other  provinces  it  seldom  rains  at  all.  When  it 
does,  the  floods  are  often  very  destructive.  In  November,  18C4,  an  extra- 
ordinary inundation  took  place  in  the  province  of  Valencia,  causing  the 
river  Ircar  to  overflow  its  banks,  partially  destroying  the  town  of  Alcira, 
and  inflicting  damage  to  the  amount  of  over  two  million  dollars  (Br.  C. 
R.  1865,  p.  73).   Spain  is  essentially  a  counti*y  of  mountain  ridges  and  ele- 

*  "  D»m  Jof»<«  Sanchez  do  HaKun  k^xc  mc  some  highly  intorcnting  accounts  of  recent 
Spanich  proRrccji,  and  t  ho  state  of  affairs  In  his  country.  There  were  three  thousand  miles 
of  railways  in  Si>ain ;  over  twelve  million  ]>as!((>n{^ers  were  annually  carried  u)>on  them; 
there  were  seven  thousand  miles  of  telej^raph,  fifteen  thou!«and  miles  of  ct)mmon  roads, 
etc.  The  Constitution  guaranteed  conj]iIete  civil  and  religious  liberty :  the  priests 
were  banished ;  the  press  was  free,  and  Spain  would  soon  once  more  lift  up  her  head 
among  the  nations.''— J  Summer  Tour  in  INT'i,  by  Alex.  Delmar.  Appleton's  Journal : 
New  York,  November,  1878. 
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yated  plateaux,  the  former  being  filled  with  miaeral  riches,  the  latter  oDce 
the  scene  of  immense  agricultural  productions. 

Moneys,  Weights  and  Measures. 

Preyious  to  July  19,  1849,  the  weights  and  measures  of  Spain  differed 

in  every  province*,  though  those  of  New  Castile,  the  province  in  which 

tiie  capital  of  the  country  is  situated,  were  the  ones  generally  employed 

in  works  relating  to  tne  entire  country.     The  following  table  shows  the 

principal  moneys  and  principal  weights  and  measures  in  use  previous 

to  the  establifihmenii  of  the  metrical  system  : 

Moneys,  WeighU  and  Mecuurea — Old  SyiUm. 

1  Eacndou  equal  to  (exchange  ralne,  about) |OJM  U.  S.  Gold. 

1  Keal  de  Plata,  "  10       " 

1  Real  de  Vellon,  "  05       "       " 

1  Arroba  of  wlue,  "  4.2M  gal  loos.  K 

1  ArrohaofoU,  "  3.323       '*        j' 

1  Arauzada^  **  l.Kttaeree.) 

1  Fanegada,  "  1691     '»      %% 

1  Fanoga,  *'  1.66   bush.  ^ 

1  Libra,  "  1.0144  lbs.  a  voir.  J 

There  is  also  a  land  measure  used  in  Valencia,  and  perhaps  elsewhere, 
called  the  hanegada,  equal  to  0.2062  acres.  The  eahtz  is  equal  to  12 
faTugai,  or  18.6  bushels. 

Moneys,  Weightt  and  Measures — New  System. 

Although  the  metrical  system  was  established  throughout  the  entire 
kingdom  of  Spain  by  the  law  of  July  19,  1849,  the  old  metrology  con- 
tinued to  be  employed  in  Spanish  works  so  late  as  1859,  and  sometimes 
it  is  still  used.  Under  the  present  system  Spanish  names  are  given  to 
the  French  moneys,  weights  and  measures.  The  franc  is  called  ttie 
peseta;  the  metre,  metro;  the  litre,  lilro,  etc  The  equivalents  of  tliese 
terms  are  well  known. 

The  reform  effected  by  the  adoption  of  the  metrical  system  in  Spain, 
thous^h  insignificant  when  compared  with  the  far  more  essential  reforms 
which  will  presently  be  alluded  to,  is  nevertheless  not  altogether  unim- 

*  For  a  full  aecountorSpanish  proTincial  metrology  8oo  book  of  Instructions  to  Spanish 
Consuls,  a  work  to  be  Touad  in  the  bauds  or  the  various  Spanish  consular  officials 
throughout  the  world. 

t  Yon  Baumhaner. 

J  The  best  authorities  for  these  equivalents  are  :  1.  The  Official  Instructions  to  Span- 
ish Consuls;  and  2.  The  able  paper  of  M.  Von  Baumhauer,  published  in  the  Report  of 
the  Seventh  International  Statistical  Congress,  vol.  3,  p.  173.  These  authorities  agree 
substantially  as  to  the  Castilian  Aranzada  and  Fanegada.  The  Spanish  work  estab- 
lishes the  Aranzada  at  4471.92644  metres ;  M.  Von  Baumhauer  says  44.71918  ares.  The 
Spanish  work  fixes  the  Fanegadix  at  6439.574075  metres;  M.  Von  Baumhauer  says 
64.39533  ares.  But  when  it  comes  to  the  Fanega  they  differ.  The  Spanish  work  sets  it 
down  at  55  1U1055  litres  ;  while  M.  Von  Baumhauer  says  55.53123  litres.  Other  authori- 
ties differ  from  both  of  these.  Deeming  the  Spanish  official  publication  the  highest 
authority  on  the  subject.  I  have  adopted  the  equivalents  therein  established  as  being 
the  most  correct.  The  American  equivalents  of  the  metrical  weights  and  measures  are 
from  the  invaluable  little  work  of  Dr.  B.  F.  Craig,  of  Washington,  D.  C,  which  corrects 
the  errors  of  the  British  Assay  Office. 

i  Von  Baumlianer. 
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portant ;  for  it  rendered  possible  intercommanication  and  commercial 
dealings  between  tlie  various  provinces  of  Spain  which,  under  the  old  sye- 
tem,  were  almost  impossible.  There  were  arrobaa  Andfanegat  and  fane- 
gadas  in  all  the  provinces,  but  no  two  were  of  like  value,  and  they  differed 
enormously.  The  fanegada,  which  contained  576  eatadales  carres  in  Cas- 
tile, contained  from  100  to  625  in  the  other  provinces,  and  the  aramada^ 
which  contained  400  in  Castile,  contained  from  300  to  600  elsewhere. 
(Von  Baumhauer.)  With  an  illiterate  population,  such  a  diversity  of 
terms  was  tantamount  to  an  almost  entire  prohibition  of  intercourse 
between  the  provinces. 

Total  Akea  op  Country. 
In  the  Spanish  statistical  tables,  Spain  is  usually  meant  to  embrace  the 
Balearic  and  Canary  Isles.   The  following  table  gives  the  total  superfices: 


Spain  proper. . 
Balearic  Isles. 
Canary  Isles . . 


Total. 


KILOMETRES 
CARRES. 

MILES. 

ACRES. 

494,946 
4,817 
7,273 

190,257 
1,852 
2,796 

121,764,480 
1,185,280 
1,789,440 

507,036 

194,905 

124  739,200 

Cultivated  Area  at  Various  Dates. 

I  have  before  me  nine  different  accounts  of  the  cultivated  area  of 
Spain  at  four  diflerent  periods,  viz.:  1.  The  account  of  Miguel  Ozorio  y 
Rediu,  who  wrote  in  the  last  half  of  the  seventeenth  century;  2.  The 
official  returns  for  the  year  1803;  3.  An  account  from  the  Junta  de  Medioi^ 
concerning  the  divisions  of  land  in  1803;  4.  A  statement  laid  before  the 
Cortes  in  1808;  and  5,  6,  7,  8,  and  9,  various  accounts  relative  to  the 
divisions  of  land  from  the  year  1857  to  the  present  time.  Of  these 
accounts  the  earlier  ones  have  generally  been  treated  by  English  writers 
as  more  or  less  fanciful ;  on  the  contrary,  I  believe  them,  when 
rightly  understood,  to  be  more  or  less  correct.  Confusion  of  the  terms, 
"productive  land,"  '* cultivable  land,'*  *< cultivated  land,"  *< arable 
land,"  "  area  sown  in  grain,"  and  "area in  which  grain  is  sown,"  as  well 
as  error  in  the  translation  of  "fanegadas"  and  "fanegas"  being  suf- 
ficient to  account  for  their  apparent  discrepancies. 

Selecting  the  second  one,  as  perhaps  the  most  reliable,  we  have  the 
following  divisions  of  Spain  proper  for  the  year  1803: 


DIVISIONS  OP  lands  1803. 


'SQUARE  LEAGUES. 


Cultivated  lands  and  fallows 4,310 

Pastures  and  commons 1 1,658 

Forests  and  copses 1,580 

Mountains  and  rivers 1,342 

Total !  18,890 


ACRES. 

27,627,100 

74,727,780 

10,127,800 

8,602,220 


121,084,900 
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I  deem  the  following  to  be  the  most  reliable  one  relative  to  any  late 
year  preceding  the  period  of  reseat  progress: 


DIYISIONB  OF  LA.ND  IN  1857. 


Land  sown  in  grain,  potatoes,  beans  and  peas,  roots,  vege- 
tables, commercial  crops,  fallow  land,  grass  land  under 
rotation,  chestnut  groves,  orchards  and  gardens 

Vineyards 

Olive  grounds 

Meadows  and  pastures 

Mountainous  lands 

Sites,  mines  and  quarries 


32,210,071 

2,906,788 

2,122,780 

16,926,028 

10,832,730 

8,586,247 


Total  productive  land. 


Forests 

Barren  and  waste ;  also  lakes,  rivers,  roads,  etc. 


68,584,589 

6,885,600 
49,269,011 


Grand  total 124,789,200 


Comparing  the  two  accounts,  so  far  as  their  different  classifications 
will  enable  a  comparison  to  be  made,  we  have  the  following  results: 


DrVISIOV   OF  liAHD. 


Cultivated   and  fallow 

Forests 

Copses 

Mountains 

Rivers 

bites,  etc 

Meadows  and  pastures. 
Barren,  waste,  etc 


Total. 


1803. 
Spain  Propbb. 

ACKBS. 


1857.  I 

Spain  and  the  Islics.  Qain  or  Loss, 
acrbs.  a0b1c8. 


27,627,100 
10,127,800 

8,602,220 


74,727,780 


121,084,900 


87,239,584,G.     9,612,484 
6,.85,600,Jloss. 


10.832,830  I 
Inc.  in  **Barren."   I  >  Unchanged 
3,586/247,  J 

16,926,028  Unchanged. 
49,269,011  Loss. 


124,739,200 


Beyond  the  essential  point  that  nearly  ten  million  of  acres  were  added 
to  the  cultivated  lands,  it  can  only  be  stated  roughly  that  the  forest 
lands  of  Spain,  which,  so  far  as  concerns  the  period  under  review,  were 
never  extensive,  slightly  diminished  ;  the  pasture  lands  (properly  speak- 
ing, there  were  few  or  no  meadows  in  Spain),  remained  unchanged, 
and  the  common  and  waste  lands  diminished,  by  being  brought  partly 
under  cultivation. 

Irrigation. 

Of  the  above  mentioned  37,239,584  acres  of  cultivated  land,  2,857,648 
acres  were  irrigated  as  follows: 


Divisions  op  Irrigated  Land. 


Fanegadas, 
Each  op  1.60  A-cres. 


Arable  land . . . 

Vineyards  

Olive  grounds 
Other 


Total 


1,370,090 

67,374 

74,618 

273,970 


1,786,025 


^CRES. 

"2,192/144 
107,755 
119,389 
438,360 


2,857,648 
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Land  Sown  in  Grain  and  Potatoes. 
Of  the  82,210,071  acres  of  land  devoced  to  grain  and  other  products,  or 
in  fallow,  the  following  portions  were  sown  in  grain  and  potatoes  only: 

Wheat 7,811,892  acres. 

Barley 8, 182, 100 

Rye 2,961,863 

Maize  and  other  grain 1,351,687 

Potatoes 509,503 


Total 15,316,865 

The  divisions  of  land  in  1874  are  estimated  as  follows: 


Divisions  op  Land  in  1874. 


Cultivated  and  fallow : 

Arable  land,  ».«.,  land  sown  in  various  crops,  fallow  land, 
grass  under  rotation,  groves,  orchards  and  gardens. . . . 

Vineyards 

Olive  grounds 

Meadows  and  pastures 

Ilountaiiious  land 

Sites,  mines  and  quanies 

Forests 

Barren,  waste,  public  and  water  surfaces 


Total 124,739,200 


Acres. 


40,000,000 
3,000,000 
2,000,000 

17,000,000 

10,800,000 
3,700,000 
6,800,000 

41,489,200 


The  cultivated  and  fallow  lands,  which  amounted  to  less  than  28,000,000 
acres  in  1808,  and  about  37,000,000  acres  in  1857,  now  amount  to  45,000,000 
acres;  showing  as  great  progress  during  the  seventeen  years  from  1857  to 
1874  as  occurred  in  the  fifty-four  years  from  1803  to  1857.  According  to 
this  measure,  progress  has  been  tnrice  as  rapid  during  recent  years  as  it 
was  previously. 

Population. 

According  to  Martin,  Spain,  in  the  time  of  Julius  CsBsar,  contained  a 
population  of  78,000,000;  according  to  a  Spanish  author  quoted  in  the 
U.  S.  Com.  Rel.,  1865,  p.  169,  she  had  68,000,000;  according  to  Appleton's 
Cyclopedia  she  had  40,000,000.  I  place  no  reliance  whatever  on  these  con- 
jectures. Seaman's  Progress  of  Nations,  p.  551,  also  contains  a  series  of 
conjectures  on  the  subject  which  are  certainly  wrong  or  fallacious.  The 
earliest  authentic  account  of  the  population  of  Spain,  dates  about  five 
centuries  ago,  when  under  the  Moors,  she  was  stated  to  have  contained 
21,700,000  inhabitauts.  This  account — from  the  number  and  opulence 
of  her  towns,  the  works  of  improvement  executed  and  which  still  remain, 
the  breadth  of  land  cultivated,  the  number  of  houses,  workshops,  artisans, 
etc.,  all  of  which  are  known  with  reference  to  many  localities, — ^tbis 
account  I  believe  to  be  substantially  correct. 

Through  the  expulsion  of  the  Moors,  who  were  the  agriculturists,  and 
the  Jews,  who  were  the  manufacturers  and  merchants  of  Spain,  this  vast 
population,  which,  in  my  opinion,  is  the  greatest  the  soil  of  Spain  ever 
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supported,  gpradoally  dwindled  down  to  about  7,600,000  inhabitants  in 
1723.  From  the  last  named  period  it  has  very  slowly  increased  to  some- 
what over  17,000,000  at  the  present  time.* 

The  following  table  exhibits  the  data  on  this  interestinis:  subject, 
together  with  such  remarks  as  I  have  deemed  were  necessary  to  be  made 
and  the  authorities  from  whom  I  have  quoted.    I  have  indicated  the 
figures  which  I  consider  incongruous  by  placing  them  in  brackets. 
Population  op  Spain  at  Vakious  Periods. 

(The  figures  in  brackets  do  not  appear  to  agree  with  the  others.) 


Year. 


13th  Oen. 
101 S 

loss 
naa 

1T30 
1T» 

ino 
iTsa 
nm 

1TU7 
17B7 
I§09 
1S03 

11(21 
1H21 
lH-22 

im 

1»2§ 
18.13 

iB3a 

1»34 

1S34 
1»37 

iim 

1^0 
18*0 
]B£T 
W^ 

18^9 
1860 
IWl 
imi 

IHU 

inu 

1B45 
HM 
ISflT 

1H« 

1«70 

lan 

1S73 
187a 
1874 


Ft3fMf^ii<yn 


Auihpritji. 


21,000,000    Rop.  Br.See^Trfp.lSW 

m.7W,000  CaMlle  n,««0,000,  Arragon  7,000, 
000  HIM  I  QrUPiitiii  :t,t»L»,000 

e.awjIH    Rep.  Bf .  Bee.  Leg.,  IfWti 

[9,000,000]  Cc vail (j£   ......   ,.. 

7,600,000  IrataTiei,. 

r8.ooo,o(xn  ih  s.  Com.  RaL,  u^. 


t8,(KlU,000J 
7,tt2&,000 

15,4^000] 
9,307.800 

B,;»ijas 

0,:iO7,€QD 
10,143,000 
10,701,4§£ 
10.641,000 
f  12,000,000] 
10.351,000 
10,351 ,07fi 
11,000,000 
11/^^,000 

ii,ii«?,o-2fi 

12.000,000 
(13,712.0001 
[13,0&3,067J 

£13,1508,000] 
12,087,  Ml 
ia,380,Stl 

[14,flBO,O0Oj 
12,£3'2,1M 
12,lfle,TT4 
12,222,872 
W,0&4,000 
13,160.774 
13^70e,&00 


Macgregor 


Cam.  RoL,  !«».. 
Mucgregoir   


Com.  Rel.,  Jseft..,, 

ApplcUm^i  Vya , 

Com.  Kel.,  18(16 

M&'^^m^fyT 

U.  S.  nenjds,  1S*0,  p.  iixiv. 

i^om.  Ret  ,1806 

i^f  ac|u;^rtii(i>r *...,, 

V.  w:  rkmsii*,  1850 

Com,  ll^U,  iHOfi , 

Mutoarreffor.  .*........ 


Remarki, 


Quoted  fVom  Spanish  author 


Quoted  by  Macgregor. 
Quoted  by  Macgregor. 


At  death  of  Charles  II. 
From  an  official  census. 
Excludes  nobility  and  clergy 


Includes  Canaries  and  Afri- 
can settlements. 
Excludes  Canary  Isles. 
Includes  Canaries,  etc. 


Census,  Spain  proper. 
Spain  and  Balearic  Isles. 


Census,  Spain  proper. 


Cora.  HoL.  1S«5 

Ency.  Amcr.,  vnl.  14. 
Aim.  de  Oulhn,  l!iijO. . 


Mft^5ir(?gor. 

U,S,  Census,  18&0. 


IMortln  . 


Cadastral  ret'ns,  Spain  pro'r 
Cadastral  return,    Spain  and 

Balearic. 
Martin  says  13,698,029. 
Official.  Excludes  Balearic. . 
Official.     Includes    Balearic 

and  Canary  Isles. 
Estimated. 
From  Gulbert. 
From  M*Cul loch. 


Aim,  deClotba,.. 
(10.^2.2fn»J:Hr.  Rep.  Sec.  Leg 

U,?J57,57.'i  Aluj  ilti  Gulhu. .. , 
[l&,S07j&3j!Mnrtin 

15.460.000 , I  Estimate. 

15,073,481    Rep.  7th  Inter.  Stat.  Cong.,  vol.3.. 

15,867,304 


Includes  Isles. 

Spain  proper. 

Incorrect. 

Spain  proper. 

Spain  proper.  Details  given. 


M 

16,043, Ton  '        "^  ■*        "       "  " 

16.180,183  I  "  u  i^         .1  u 

[15,751,607]  Br.  Stat   For.  C<iim 

16,«02,148    Rep.  7lb  liilor.  SUt.  Ctmg.vol.  3. 
ia,37a.48l  I         "  **         "        ^*  " 

16,5120.474  "  *^  ii         M  u 

l«,65a,87tJ  "  '*         II        "  *i 

16:732,0S*^  'M.  S.  21^1-2^U0 

tl6,0WJ.fi50]  Ur  Stat,  For,  Conn 

16,035,613  I  Br.  Stat.  Fi^r.  Coun 

17,000,000    Estimate. 
17,100,000 


Spain  proper. 

Si>aln  proper. 

Spain  proper,  census  returns. 

Spain  proper. 

Spain  proper. 

Spain  proper. 

Spain  proper. 

*  It  is  believed  by  some  writers  that  the  population  of  Spain  again  retrograded  subie- 


17,200,000 
n,30O.(H3O 


The   enumeration    dates 
Dec.  31  in  each  year. 

pain  proper. 

The   enumeration   dates 
Dec.  31  in  each  year. 
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This  is  a  most  instructive  table. 

First,  It  shows  an  extraordinary  decrement  of  the  population  of  Spain 
from  about  the  beginning  of  the  fifteenth  century  until  after  the  beginning 
of  the  eighteenth.  This  is  attributed  chiefly  to  the  Moorish  and  Jewish  exo- 
dus which  commenced  to  take  place  in  the  year  1492,  the  same  year  iu  which 
that  New  World  was  discovered  in  which  eventually  so  many  of  the  exiles 
found  both  homes  and  religious  liberty.  From  first  to  last  it  is  supposed 
that  no  less  than  300,000  Moorish  and  300,000  Jewish*  families,  or  nearly 
three  millionsof  intelligent  and  industrious  people  were  driven  from  Spain, 
and  amidst  the  most  shocking  cruelties.  These,  together  with  the  num- 
bers who  fled  after  the  conquest  of  Grenada  and  the  colonists  to  America, 
contributed  to  reduce  the  population  from  nearly  22,000,000  in  the  four- 
teenth century  to  little  more  than  7,000,000  in  the  seventeenth.  Notwith- 
standing the  persecution  of  the  Moors  and  Jews,  it  is  stated  that  consid- 
erable numbers  remained  in  Spain,  professing,  if  not  believing,  in  the 
doctrines  of  the  Church,  and  forming  the  bulk  of  the  agricultural  and 
industrial  classes  in  many  localities.  This  is  affirmed  by  Macgregor  and 
denied  by  Buckle,  but  I  think  the  weight  of  evidence  is  with  the  former. 
M'CuUoch,  p.  845,  says  there  were  60,000  Moriscoes  in  Grenada  in  his 
time,  about  the  year  1840. 

Evidence  of  the  large  population  that  dwelt  in  Spain  under  the  Moorish 
regime  is  found  in  a  class  of  facts,  of  which  the  following  are  examples: 

'<  Before  the  Conquest  in  1487  (the  city  of)  Grenada  had  70,000  houses 
and  400,000  inhabitants,  60,000  of  whom  were  armed.  It  was  defended 
by  ramparts  flanked  by  1080  towers  and  two  vast  fortresses,  each  of  which 
could  receive  in  garrison  40,000  men. 

'*The  kingdom  (of  Grenada)  of  which  it  is  the  capital,  was  only  thirty 
leagues  in  breadth  by  seventy  in  length,  but  it  contained  thirty-two  large 
cities  and  ninety-seven  towns  and  3,000,000  of  inhabitants.  The  whole 
population  at  present  does  not  exceed  83,000. 

*<The  city  of  Cordova  uader  the  Moors  occupied  nearly  eight  leagues 
of  the  banks  of  the  Guadalquiver,  and  contained  600  grand  mosques,  8,837 
small  mosques  or  chapels,  4,320  minauts  or  towers,  900  public  baths,  28 
superbs,  80,455  shops,  213,070  dwelling-houses,  60,800  hotels  or  palaces." 
Moreau  de  Jonne»,  1834. 

*'The  last  official  census  states  that  1,511  towns  and  villages  were  then 
totally  uninhabited  and  abandoned. "    Macgregor,  1850. 

For  further  evidence  on  this  point,  consult  Buckle's  HUt,  Civ.f  Draper's 
Hist.  Civ,  and  Civil  Policy  of  America, 

Second,  The  table  of  population  shows  a  very  slow  increment  from  the 

quent  to  the  year  1830.  This  opinion  is  probably  based  on  the  cadastral  retams  of 
1826,  or  theroaboatSf  and  the  smaller  numbers  of  the  census  returns  of  1833.  It  may  be 
well-founded;  but  I  have  ventured  to  disrog^ard  it  in  arranging  the  figures  of  the  text. 

*  This  is  the  highest  estimate.  Buckle,  who  quotes  a  number  of  authors,  states  that 
the  number  of  Jews  actually  expelled  is  differently  estimated  at  from  190,000  to  800,000. 
—Uitt.  Civ.,  11, 16. 
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beginning  of  the  seventeenth  century  to  about  the  year  1850.  The  popu- 
lation is  stated  to  have  been  7,500,000  in  the  year  1618  and  13,705,500  in 
1849.    This  is  an  increase  of  but  82.7  per  cent,  in  231  years  1 

Third.  The  table  shows  a  comparatively  rapid  increment  of  population 
since  about  the  year  1850,  to- wit:  from  13,705,500  in  1849  to  about  17,800,- 
000  in  1874)  an  increase  of  26.2  per  cent,  in  25  years.  This  is  the  period 
of  recent  progress  in  Spain  to  which  attention  has  been  directed,  and  it 
is  believed  no  better  proof  can  be  adduced  in  suppoi-t  of  this  allegation 
of  progress  than  the  rapid  increment  of  population  which,  in  spite  of 
foreign  and  civil  wars,  has  taken  place. 

RuBAL  AND  Civic  Population. 

The  cadastral  returns*  of  1826  gave  the  rural  population  at  80.4;  the 
civic  at  18.5,  and  the  ecclesiastical  at  1.1  per  cent,  of  the  whole.  The 
proportion  of  rural  population  therein  shown  is  probably  correct  at  the 
present  time. 

AOBICTTLTURAL  POPULATION. 

Spanish  statistics,  at  least  as  they  reach  compilers  outside  of  Spain,  are 
proverbially  incomplete,  contradictory  and  obscure,  and  they  are  no  less 
so  on  this  simple  subject  than  on  any  other  which  I  have  found  it  neces- 
sary to  examine.  The  agricultural  population  of  a  country  but  half 
cultivated,  and  that  portion  but  indifferently  tilled — a  country,  which,  as 
a  rule,  has  forbidden  the  importation  of  breadstuffis,  while  it  had  none  to 
export ;  which  is  neither  a  pastoral  nor  a  new  country  ;  and  in  which  the 
struggle  for  subsistence  is  so  great  that  a  local  and  temporary  drought  is 
enough  to  stimulate  what  is  else  a  constant  but  sluggish  stream  of  emi- 
gration to  other  countries— ought  to  be  uncommonly  large.  On  the  con- 
trary, my  information  states  it  to  be  comparatively  small.  If  the  latest 
figures  before  me  are  corrrct,  the  agricultural  population  of  Spain  is  but 
55  per  cent,  of  the  whole  ;  whereas  I  am  confident  it  is  not  less  than  65 
to  70  per  cent.     The  following  is  the  statement : 

Occupations  of  the  Population  op  Spain,  1857. 


Non-Agricultural  Male  Adults. 


Army,  Navy  and  Military  functionaries 

Officials  :  State 22,363 

Municipal 62,976 

Provincial 4,693 


Nobility 

Clergy 

Students 47,312 

Advocates 5,673 

Writers 9,351 


Number. 


241,335 


90,081 
478,716 
125,000 
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Non-Agkicdltural  Male  Adults. 


Servants 

Merchants 

Scientific 

Aiiiists  and  mechanics. 

Manufacturers 

Miners,  (1864) 

Workmen  in  refining  and  smelting  works,  (1864) 

Fishermen,  1866 

Seamen  in  ports,  harbors,  etc.,  1863 

**        foreign  trade,  1863 

"       coastmg  trade,  1863 


Number. 


Totol. 


206,090 
119,234 
35,736 
88,728 
67,327 
32,201 
9,945 
39,440 
11,285 
16,181 
21,606 


1,645,191 


Total  able-bodied  men,  3,803,991.  This  would  leave,  at  the  most,  but 
2,158,800  agriculturists.  At  an  average  of  four  inhabitants  to  each  able- 
bodied  man,  this  would  imply,  at  the  most,  an  agricultural  population  of 
8,632,000,  which  is  55  per  cent,  of  the  whole.  Add  to  the  2,158,800  male 
adult  agriculturists  about  340,000  female  laborers,  and  we  have  in  round 
numbers  2,500,009  persons  actually  employed  in  agriculture.  This  num- 
ber forms  less  than  16  per  cent,  of  the  whole,  a  proportion  that,  taking 
into  consideration  the  rude  state  of  tillage  in  vogue,  would  seem  entirely 
inadequate  to  produce  the  requisite  amount  of  food  for  all. 

Macgregor  (p.  944)  publishes  the  details  of  a  cadastral  return  of  the 
population  for  1826,  concerning  the  correctness  of  the  total  sum  of  which 
there  is  perhaps  some  doubt.  The  total  figure  is  13,712,000,  while  the 
total  of  the  table  of  details  is  but  13,211,301.  In  this  table  the  agricul- 
tural population  is  placed  at  1,836,320  heads  of  families  and  others,  and 
6,777,140  women  and  children,  the  first-named  figure  being  13.9  per  cent, 
of  the  whole  and  the  latter  65.2  per  cent.  The  details  of  heads  of  agri- 
cultural families  and  others  are  as  follows  :  Proprietors,  364,514  ;  farmers 
(middle  men),  527,423  ;  laborers,  805,235  ;  proprietors  of  herds  and  fiocks, 
25,530;  and  shepherds,  113,628. 

I  am  inclined  to  believe  these  proportions  to  be  neiirer  the  truth,  and 
the  truth  at  the  present  time,  than  those  deduced  above. 

The  discrepancies  have  doubtless  arisen  less  from  any  material  changes 
in  the  occupations  of  the  people  than  from  the  fact  that  in  many  districts 
the  agricultural  laborer  often  alters  his  trade  during  the  year ;  so  that 
the  agreement  of  two  censuses  would  depend  largely  upon  the  time  of 
the  year  they  were  taken  respectively.   (See  on  this  point,  L.  T.,  24,  §9.) 

Female  Laborers. 
In  Galioia  and  Asturias  the  number  of  female  laborers  is  nearly  equal 
to  the  male.  These  districts  comprise  about  one-fifth  of  the  population. 
In  Carthagena,  province  of  Murcia,  population  380,969,  female  labor  is 
seldom  or  never  employed  for  field  work.  In  Minorca  female  labor  is 
employed  hardly  at  all   In  M^'oroa  it  is  employed.    Female  laborers  are 
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employed,  but  not  generally,  in  Gaipazcoa,  Basque  Provinces,  population 
163,547.  In  Biscay,  Basque  Provinces,  population  200,000,  all  the  females 
work  in  the  fields  at  times,  and  female  labor  is  largely  employed.  In  the 
Provinces  of  Malaga,  Granada,  Almeria,  and  Jaen,  population  1,565,979, 
female  labor  is  hardly  at  all  employed  in  the  cultivation  of  land,  only  in 
gathering  olives  and  cutting  grapes.  From  these  and  other  reports  (Land 
Tenures,  Pai-t  III),  I  have  ventured  to  estimate  the  number  of  female 
laborers  in  Spain  at  about  840,000,  though  I  dare  say  the  true  number  is 
upwards  of  500,000. 

Land  Tenubbs. 

The  laws  of  1830  abolished  the  right  of  primogeniture  and  all  other 
species  of  civic  entail  (mayorazgos) ;  then  followed  that  of  1841  on  ecclesias- 
tical benefices,  and  finally  that  of  1855,  which  declared  in  a  state  of  sale  land 
and  house  property  belonging  to  the  State  or  appertaining  to  corporations 
of  towns,  beneficence,  public  instruction,  clergy,  religious  fraternities, 
pious  works,  sanctuaries,  etc.  Like  many  other  reforms  which  have 
taken  place  from  time  to  time  in  Spain,  certain  provisions  of  this  one 
were  rescinded,  and  it  was  not  until  1865  that  the  Crown  lands  were  finally 
decreed  in  a  state  of  sale.  It  is,  however,  from  the  year  1855  that  the 
freedom  of  Spain  from  religious  and  feudal  tenures  really  dates. 

When  it  is  considered  that  these  tenures  were  abolished  in  France  by 
the  Revolution  of  1789,  in  the  United  States,  generally,  during  the  ear- 
liest days  of  their  history  as  independent  Commonwealths,  and  in  Prus- 
sia in  1830,  it  cannot  be  deemed  strange  that  a  country  which  did  not 
succeed  in  throwing  them  off  until  1855  should  have  failed  to  show  any 
signs  of  progress  until  within  very  recent  years. 

The  condition  of  affairs  in  1840  is  thus  described : 

**Mr.  Townsend  (ii,  338)  mentions  that  the  estates  of  three  great  lords 
— the  Dukes  of  Osuna,  Alba,  and  Medina  Cooli — cover  nearly  the  whole 
of  the  immense  Province  of  Andalusia  ;  and  several  in  the  other  prov- 
inces are  hardly  less  extensive.'*     M'Culloch,  p.  837. 

**The  great  estates  belonging  to  the  corporations,  or  towns,  are  held  in 
common  ;  and  in  consequence  are  wholly,  or  almost  wholly,  in  pasture." 
—Ibid. 

In  18r)0,  we  have  the  following  account : 

'*  Among  the  causes  of  the  defective  state  of  agriculture  in  Spain  are 
the  tenures  of  land.  The  unalienable,  indivisible  mayorazgos  (entails)  are 
considered  as  having  for  a  long  period  comprised,  including  the  property 
of  the  Church,  about  three-fourths  of  the  territorial  surface  of  Spain. 

"The  Menta  U  another  great,  although  secondary,  cause  of  the  neglect 
of  agriculture.  This  is  the  name  of  a  great  incorporated  company  of 
nobles,  ecclesiastical  chapters,  persons  in  power  and  members  of  monas- 
teries, who  were  authorized  to  feed  their  flocks,  at  scarcely  any  expense,  on 
all  the  pastures  of  the  kingdom,  and  have  almost  an  imperative  special  code 
of  laws  ( Leyen  y  Ordenenzm  de  la  Mesta)  for  maintaining  their  originally 
usurped   privileges.     It  holds  its  courts  and   has  numerous  Alcaldes, 
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EntregadorSy  Quadrilliers,  Acbagaeros,  and  other  law  officers.  Within 
the  last  fiye  years,  the  Metta  has  possessed  aboat  half  of  the  sheep  in 
Spain."    Macgregor,  p.  1016. 

For  lists  of  the  religious  establishments  and  the  enormous  properties 
and  revenues  they  absorbed,  see  pp.  1023-5  of  the  same  work. 

As  to  the  condition  of  affairs  at  the  present  time,  the  bulk  of  agricul- 
tural lands  in  Spain  appear  to  be  still  held  by  wealthy  or  noble  proprie- 
tors, who  live  in  the  cities  and  lease  them  out  on  half  produce,  a  la  meta^ 
to  indigent  peasants.  Feudal  tenures  are  indeed  swept  away,  but  many 
of  the  features  of  feudality  remain,  and  it  is  still  the  custom  in  Alicante 
and  perhaps  elsewhere,  for  the  metayers  to  present  the  proprietors  with 
a  certain  number  of  fowls  each  year.  The  custom  is  now  voluntaiy  and 
by  no  means  relished  by  the  owner,  who  feels  bound  to  make  some 
return  ;  but  it  serves  to  indicate  the  relations  between  the  metayer  and 
his  landlord.  The  metayers  on  rice  plantations  in  Valencia  pay  one-third 
produce.  Certain  rights  of  commonage  appear  to  continue.  (L.  T.,  40, 
§  7.)  In  Galicia,  the  *<  foro  "  is  mentioned  so  late  as  September  30,  1870. 
(Com.  Rel.,  1871,'  p.  1008.)  The  "  foro"  is  a  sort  of  land  impost  created 
some  eight  or  nine  centuries  ago,  and  continues  to  be  paid  annually  by 
the  present  owners  to  the  descendants  of  the  former  proprietors  of 
land.  '*  The  importance  of  this  tribute  is  such  that  it  sometimes  absorbs 
the  total  productions  of  the  soil ;  thus  it  is  that  two-thirds  of  it  has  never 
been  cultivated."  (fftki.?)  In  October,  1873  (Com.  Rel.,  1873,  p.  946),  it  is 
stated  that  the  feudal  tribute  of  *'foro  "  had  been  declared  redeemable 
by  the  Government. 

In  fine,  Spain  may  be  said  to  have  scarcely  even  yet  emerged  from  the 
feudal  state.  A  large  portion  of  her  soil  is  still  owned  by  absentee  land- 
lords and  rented,  partly  for  money  rents  and  partly  a  la  meta.  The  pro- 
prietors seldom  sell  their  properties  (L.  T.,  42,  §  10),  and  there  is  no 
compulsion  on  their  part  to  sell,  lease,  or  otherwise  dispose  of  their 
property  to  peasants  or  others.  (L.  T.,  49,  g§  6-7-8.)  But  as  the  law  of 
descent  and  division  is  the  same  that  applies  to  personal  property  {Ibid, 
43,  §2),  it  is  merely  a  question  of  time  when  they  will  be  divided  and 
absorbed  by  peasant  proprietors. 

Another  drawback  is  the  allodial  duty  of  two  per  cent,  on  the  sale  of 
lands.  (L.  T.,  31.)  There  is  a  government  duty  of  three  per  cent,  on  all 
transfers  of  property  (p.  47,  §  13).  Whether  the  allodial  duty  of  two 
per  cent,  is  added  to  this,  does  not,  seem  clear. 

But  the  great  fact  reoDains  that  the  feudal  system  and  all  entails  are 
abolished  ;  the  lands  of  the  i*eligioua  establishments  and  the  Crown*  are 
sold,  the  corv6e  and  the  mesta  swept  out  of  existence,  small  peasant 
properties  exist  in  large  numbers  all  over  the  country,  and  the  door  is 
opened  to  further  reform  and  futui*e  progress. 

*  In  18M  laws  were  also  iMisaed  to  facilitate  the  tale  or  moantalnous  landt. 
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Land  ma^  now  be  willed  as  ihe  owner  chociei  provided  he  has  no 
cbtkirai).  In  caso  he  has,  lUese  are  hia  natural  b<^]^B,  and  tba  division  is 
iu  equal  parts.  Tie  can,  bowevor,  dispose  of  one-fiftb  thei^of  in  favor  of 
iii»  widow,  or  soine  particnlar  child,  or  even  of  a  stranger.  Sbonld  tbe 
pro]>erty  tiftve  increased  in  value  since  the  marriage  day  of  tbe  owner,  hli 
widow  has  a  right  to  tbe  half  of  tbe  increase  (L.  T.,  10),  AA'bile  this  is 
Blatcd  to  be  the  law  of  Bpain,  tbe  same  auiboritf  speaks  of  the  existence 
(Dec.  T,  1870)  of  separate  codes  of  law  affect! ng  real  estate  in  different 
prorinoef-  (See  pp.  4t}  and  43.)  But  this  I  doubt.  The  law  of  descent 
seems  now  to  be  general  tbroiiKhout  the  land^  and  to  have  been  based  on 
Novela  eicvUJ  of  the  Roman  taws  of  Jn^tintan. 

MOUTMAIN. 

The  abolition  of  mortmain  (law  of  demttwriitae(on)  took  place  in  1855, 
but  many  persons  refuser]  to  bay  church  property  on  acijount  of  religious 
scruples.  In  \MS  the  Pope^s  i^anctiou  was  obtained,  when  tbe  sales  were 
actively  continued,  the  Government  giving  great  facilities  to  the  pur- 
ohasei-s.  The  payments  are  made  one-tenth  in  cash  and  the  remainder  in 
promiraory  notes  running  from  one  to  ten,  and  in  some  cases,  nineteen 
yearfl^  and  secured  by  mortgape  on  the  proiierty*  Owing  to  these  facili- 
ties of  purchase  the  biddings  have  often  more  than  twice  exceeded  tbe 
true  market  value  of  the  parcels  put  up.  The  eburchea,  etc.,  receive  com- 
peiiwation  for  their  lands  thus  sold,  and  the  nation  gains  by  the  operation, 
what  benefit  accTues  from  throwing  open  lands  to  peasant  ownership  and 
industrious  tillage,  which  had  been  either  entirely  sequestered  or  negli- 
gently worked  by  m etay er  tenants  subjec t  to  tbe  ch urch,  Abou 1 1 1 OOj  (M)0,  * 
(M)0  have  been  paid  (in  Government  stock)  to  tbese  inititutions  for  their 
lands,  and  about  f200,0iW,(X)0  (in  cash  and  mortgages)  received  from  the 
purdiasers.  The  toUJ  payments  (for  tlie  operation  has  not  yet  quite  eeai>ed) 
are  estimated  at  |r24>,000,000,  and  total  revenues  at  1250,000,000  ;  so  that 
the  Government  will  have  made  f  125,000,000  by  the  law  of  mortmain.  The 
interest  on  the  iiaymenie  to  the  religious^  establish  men  ts^  which  were 
mode  in  Government  securities,  was  8top|>ed  during  the  Republic,  but  an 
order  for  its  resumption  was  among  the  first  acts  of  Alfonso  XII  upon  bis 
accession  to  the  throne  of  Spain  in  January^  1875. 

Registry  Ststek. 
**  The  aale  or  transfer  of  property  (land)  of  every  sort  Is  always  (now) 
done  by  deeds  drawn  ui>  by  a  notary  and  inscribed  in  the  Land  Kegistcr. 
Jjeases  of  smaller  importance  arc  made  by  contract  before  witnesses.  A 
tax  of  two  j>er  cent*  is  paid  to  the  State  in  cases  where  property  is  held 
(tiired '?)  or  transferred  ;  but  where  a  sou  inherits  directly  from  hjs 
father,  or  vies  vena^  no  succession  duty  is  paid.  It  exists,  however,  when 
the  inhentance  is  from  any  more  distant  relative  and  inereasus  propor- 
tionately/* Report  of  Fercu  Ffnnch^  Fint  Sm.  IL  B,  M.  LegaH&fi  in 
Spam.    L.  T.,  IS. 
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Property  is  still  administered  and  mauaged  in  Spain  with  great  disorder 
and  negligence,  and  extreme  irregularity  exists  in  the  registration  of 
leases,  etc.  This  is  probably  due  to  the  heavy  registration,  succession  and 
other  fees,  and  attempts  to  avoid  them  by  neglecting  proper  formalities. 
Stamped  paper  must  be  used  ;  only  a  feed  notary  can  draw  the  papers, 
and  fees  attend  every  step  of  registration,  search  or  certification.  The 
average  cost  of  transfer  is  about  one  and  a-half  per  cent,  ad  valorem. 
(L.  T.,  p.  44).  In  other  respects  the  registry  system,  which  has  only 
been  in  force  since  1863,  appears  to  be  similar  to  that  which  has  always 
existed  in  the  United  States. 

Hypothecation  op  Real  Estate. 

The  very  recent  abolition  of  feudal  and  ecclesiastical  tenures,  the  con- 
tinned  monopolization  of  the  land  by  the  wealthy  (L.  T.,  p.  — ),  the  new- 
ness, the  exactions  and  disorder  of  the  registry  system,  together  with 
other  causes,  combine  to  render  difficult  the  hypothecation  of  real  estate. 
In  cases  where  these  obstacles  do  not  exist,  where  the  title  is  undoubted 
and  the  land  held  in  fee,  there  is  no  difiiculty  in  obtaining  loans  to  the 
extent  of  one-third  to  two-thirds  the  value  of  the  property,  at  six  to  ten 
per  cent,  per  annum.  But  in  most  cases  it  is  the  landless  metayer  who 
desires  to  borrow  and  has  nothing  to  offer  as  security  but  his  growing 
crops.  Upon  such  a  precarious  basiit,  ten  to  fifteen  per  cent,  is  a  low  rate 
to  charge  for  interest,  and  often  from  thirty  to  forty  per  cent,  is  paid. 
(L.  T.,  18).  With  the  means  thus  obtained  numerous  small  holdings  of 
mountain  land  (common  land  sold  by  Government  under  act  of  1866) 
have  been  purchased  by  the  peasantry  on  seven  year  annual  installments 
(p.  30).  This  points  to  an  extension  of  the  same  sort  of  spade  culture 
which  is  to  be  seen  in  the  hilly  parts  of  Italy,  and  to  the  abandonment  of 
the  better  but  metayer-held  lands ^of  the  nobility — a  tendency  that  should 

not  exist. 

Positos. 

**  Positos  "  are  described  by  Macgregor  as  a  sort  of  co-operative  society 
to  supply  seed  com  and  food  in  calamitous  years,  numbers  of  which  have 
existed  all  over  Spain  since  the  time  of  Philip  II.  M'Culloch,  however, 
defines  them  to  be  merely  public  granaries  where  com  may  be  ware- 
housed until  it  is  disposed  of.  The  name,  which  means  '* depositories,*' 
proves  this  definition  to  be  the  correct  one.  They  have  diminished  in 
importance  of  late  years,  probably  because  the  fears  of  occasional 
scarcity,  which,  no  doubt  gave  rise  to  them,  have  been  removed  by  the 
construction  of  roads  and  railways  and  a  more  liberal  policy  in  respect  of 
the  corn  laws.  The  peasants  and  dealers  in  grain  in  Castile  formerly 
preserved  their  stocks  in  silos,  or  subterranean  caves,  for  sometimes  five 

or  six  years. 

Mebta. 

As  has  already  been  explained,  Mesta  was  a  right  of  common  which 
certain  privileged  classes  possessed,  but  which  is  now  abolished.    It  is 


un.] 


[DelmaT. 


said  to  h&re  origiiiatcid  m  the  fourteenth  century  during  a  famine.  ThU 
riglit  enabled  the*  privileged  owners  of  large  tlocks  of  sheep  to  drive  them 
over  viUa^(3  pastures  and  commons  there  to  feed  at  pleasure,  nnd  to  eani, 
pel  the  owner*  of  cultivated  kinds,  which  lay  in  the  lino  of  their  migm- 
tioDs,  to  leave  wide  paths  for  the  pafitomge  of  the  flocks.  Nor  could  any 
new  enclosures  t^  made  in  the  line  of  their-  march,  or  land  Unit  had  ouoe 
been  in  piaaluro  be  dulti?ated  again  until  it  hatl  been  cifl'ered  to  the  Mentft^ 
or  i'orporatioa  of  ncvck-proprietors,  at  a  certain  late  !  It  is  easy  to  [jer- 
ceive  that  with  the  continuance  of  sncli  monstroue  privileges  a*  these  it 
would  ottly  be  a  question  of  time  when  all  the  cultivat^i;d  lands  would  ho 
turned  into  pastures,  and  all  the  p^tnreii  fall  itito  the  pon^eihion  of  the 
Mesta.  It  was  a  great  reproach  to  Spain  llmt  this  feudal  privilege  existed 
so  long  as  it  did,  but  its  recent  abolition  Is  equally  an  tindoubted  sign  of 
progress, 

NtJMBES  AS©  Sue  or  Farms. 

The  nuinlwr  of  farms  iu  Spain  in  the  year  1800  was  but  (>77,520  in  Ui^ 
hands  of  '27?Jt7(in  proprliaors  and  4f«iijtj(>  tenant  farmej/s.  (MajtJn.) 
TIm*  number  of  landed  properties,  rural  and  nrban»  in  1837,  was  2,43:i,y(Jl 
(L.  T.,  46),  and  the  number  in  IHTU  was  aj6l3,tKX).  (fhid,  10.)  The  pro- 
portion of  rural  properties  tn  late  yean  is  not  stated  by  these  authori- 
ties, nor  ai-o  the  tenures  by  which  they  are  held  set  forth.  The  nuinlter 
of  tetianl  fjirmers  had  increased  from  4o3/i60  in  It^OO  to  5yr>,o;i  >  in  ib57, 
and  probably  upwarils  of  i>UO,()lK)  in  187^  ;  hut  meanwhile  and  particu- 
larly since  1855  the  number  of  properties  had  increased,  bc^th  by  the 
subdivision  of  land  and  the  industrial  abnorption  of  mortmain  and  Qov- 
ernment  lands  and  village  commons.  The  bulk  of  the  peasant  farms  will 
average  I  between  ten  and  flfteen  acree.  There  are  ma^nj  vineyards  of  not 
over  one-eighth  of  an  acre,  and  on  the  other  hand,  many  large  properties, 
cultivated  and  uncultivated.  The  opinion  appears  to  pruvajl  among  laie 
observers  that  from  «ine-foiirth  to  one- third  (*f  the  cultivated  land  is  Jield 
by  pea^iant  proprietors  (L.  T..  50  and  ?)♦  and  that  the  rest  m  cultivated  by 
agtlcultural  laborers, uf  whum  there  were  2,rI51,lHJ  in  1^57,  in  the  employ 
of  huge  owners^  or  farmed  out  to  t*?nants  for  a  money  mnt.  or  a  la  mita. 

STSTHH  of  CtJL*rtJHE— SEEOmO  AJID  FxitTtLIKERf, 

Compared  with  other  countries  west  of  Russia  and  the  Orient,  the  »y«. 
tern  of  culture  in  Spain  Is  ulill  very  backward.  There  are  a  few  garden 
spots  in  Spain— the  huerias  of  Qranada,  Murcii,  aud  Valeucia^mt  such 
eJEceptional  joiitances  of  careful  culture  ai^  to  he  foimd  in  the  worst  cul- 
tivated countries^  even  miHerabl©  Egypt  posaesstDg  a  Faioum,  The  gen- 
eral aspect  of  Spanish  agriculture,  uutil  very  lately,  was  much  the  same 
as  it  was  a  century  ago  wheu  Arthur  Young  visited  8paiu,  The  great 
and  numemus  barrens  he  described  are  being  brought  under  cultivatioUi 
and  in  tiiat  I'espect  Spain  is  much  improved  ;  but  the  mode  of  cultivatioa 
ia  only  now  uudcrgoing  change.  The  forests  were,  oentmies  ago,  bnrtied 
for  the  few  iertilizing  materials  to  be  obtained  from  their  ashes,  while 
A*  P.  a.— vol..  atrv.  2  o 
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their  annual  efforts  to  increase  were  kept  down  by  a  similar  treatment  of 
their  undergrowth  and  copses.  Hence,  barrens,  afflicted  with  alternate 
droughts  and  floods.  The  system  of  agricultural  irrigation  was  mainly 
a  legacy  from  the  exiled  Moors,  since  whose  time  it  had  been  but  little 
enlarged.  The  means  used  for  raising  the  water  are  the  familiar  sakpe 
and  Bhadouf  of  the  Orient,  the  sakye  being  known  under  the  name  of 
noria.  (L.  T.,  57.)  The  water  obtained  by  these  laborious  means  is 
known  as  agua  de  arte  ;  that  by  diverting  the  course  of  streams  as  (igua 
vioay  or  running  water.  (C.  R.,  1868,  p.  373.) 

As  going  still  further  to  show  the  indebtedness  of  even  Modem  Spain 
to  Moorish  industry,  it  has  been  stated  that  the  best  olive  trees  in  Spain 
to-day  are  those  left  by  the  Moors ;  while  even  the  stone  fences  and  other 
enclosures  left  by  them  are  still  performing  the  service  for  which  they 
were  constructed  a  thousand  years  ago. 

Rotation  was,  until  recently,  very  little  followed  in  Spain,  and  even  the 
fallow  system,  though  in  general  use,  was  in  many  parts  ignored  and  the 
ruinous  one  of  exploitation,  by  a  constant  succession  of  the  same  sort  of 
crops,  employed  in  its  place.  (C.  R.,  1871,  p.  1037.)  Even  two  and  some- 
times three  different  crops  were  obtained  from  the  same  piece  of  ground 
in  one  year ;  though  as  Young  and  other  writers  have  shown,  with  no 
aggregate  increase  of  product,  but  on  the  contrary,  diminution.  Com, 
root,  or  pulse  crops  were  frequently  sown  in  olive  groves  and  vineyards  to 
the  mutual  detriment  of  both  tree  or  vine  and  crop.  In  the  Provinces  of 
Malaga,  Granada,  Almeria  and  Jaen,  mention  is  made  of  a  three-field 
system  of,  1.  Wheat,  barley  or  beans ;  2.  Fallow;  8.  Pasture  on  the  un- 
ixrigated  lands  ;  and  also  of  the  continuance,  so  late  as  November,  1869, 
of  village  commons  {deheaas  deproprioa)  for  cattle, — ^both  of  them  wretched 
and  antiquated  features  of  agriculture.  But  since  1855  all  these  features 
have  been  undergoing  change,  and  the  dehesas  de  proprios  ytbtq  probably 
in  a  moribund  state  in  1869. 

The  quantity  of  seed  used  is  uncertain.  It  is  stated  by  M'Culloch  that  the 
fanega  (about  1}  bushels)  is  the  measure  of  seed-corn  commonly  sown  upon 
a  fanegada  (about  1^  acres)  of  land,  and  hence,  the  similarity  of  terms. 
This  is  probably  a  true  explanation  with  regard  to  the  terms,  which  must, 
however,  have  arisen  from  the  results  of  favorable  sowings  ;  for  the  prac- 
tical fact  is  still  that  not  less  than  two  bushels  are  generally  sown  to  the 
acre  of  wheat,  the  staple  corn  of  Spain. 

In  the  use  of  fertilizers  the  same  recent  improvement  is  to  be  observed 
as  in  other  respects.  Previous  to  1855,  beyond  the  fertilizers  mentioned 
by  Arthur  Young  nearly  three-fourths  of  a  century  before,  there  does  not 
appear  to  have  been  any  improvement.  These  consisted  of  wood-^whes 
obtained  from  the  burning,  not  of  forests,  for  they  had  been  burned  long 
before,  but  of  copses  and  undergrowth.  Near  some  of  the  large  cities 
poudrette  seems  to  have  been  prepared,  but  the  use  of  this  fertilizer  was 
not  common. 

Since  the  ameliorations,  which  date  about  the  year  1855,  Peruvian 


1875.]  ^U  [Delmar. 

guano  appears  to  have  been  largely  imported  into  Spain.  I  have  the 
statistics  by  quantities  for  only  the  years  1853  to  1856  and  1863  to  1867, 
inclusive ;  but  these  will  serve  to  show  the  extent  of  the  movement, 
which  first  began  in  1852: 

Imports  op  Peruvian  Guano  into  Spain. 


Ybars. 

Kilograms. 

Tons. 

1852  to  1856,  inclusive 

49,115,446 
39,514,969 
6,437,943 
11,956,769 
46,872,576 
37,666.000 

48,247* 

1863 

39,209 

1864 

6,324 
11,740 
46,043 

1865 -...^.. 

1866 

1867 

37,000 

To  show  the  relation  which  these  quantities  bear  to  the  world's  con- 
sumption of  guano,  it  may  be  stated  that  the  48,000  tons  imported  in 
1852  to  1856  formed  but  2^  per  cent,  of  the  world's  consumption  of 
Peruvian  guano  ;  while  the  average  annual  quantity  of  28,000  tons  im- 
ported during  the  years  1863  to  1867  formed  7^  per  cent,  of  the  world's  • 
consumption,  which  was  370,000  tons  per  annum  during  that  interval.. 
(For  details  of  the  consumption  of  each  country,  see  Com.  Rel.,  1867,. 
p.  361.)+ 

The  extent  to  which  fertilizers  are  now  being  u?ed  in  at  least  some 
parts  of  Spain,  may  be  judged  from  the  fact  that  the  U.  S.  Consul  at 
Valencia  reported  in  1871  that  the  ground  in  that  district  was  being 
bulbed  up  by  an  immoderate  use  of  guano  ! 

Agricultural  Implements. 

There  seems  to  have  been  no  improvement  in  respect  of  agricultural 
implements  since  the  days  of  Arthur  Young.  The  corvee  is  abolished 
and  the  absentee  laudlords  of  vast  estates,  of  whom  he  has  so  bitterly 
complained,  are  things  of  the  past ;  but  the  old  Roman  plow,  with  its 
wooden  mould-board,  without  a  bit  of  iron  upon  it  (Arthur  Young,  ii, 
p.  — ),  and  its  four  or  five  inch  blade  (Cora.  Rel.,  1871,  p.  1037,)  remain.. 
Indeed,  even  the  i)low  is  rarely  met  with  in  some  provinces  (C.  R.,  1866. 
219),  the  "laya,"  or  two-pronged  fork,  and  the  spade  being  used  in  its 
place  CL.  T.,  37  and  51). 

Until  within  a  very  few  years,  agricultural  machinery  was  wholly 
unknown  in  Spain.  The  corn  was  left  in  the  fields  for  lack  of  barns 
(Young)  ;  it  was  threshed  by  driving  mules  over  it ;  it  was  winnowed  by 
throwing  it  in  the  air  (M'CuUoch)  ;  and  most  frequently  it  was  ground 
by  hjind  rather  than  by  wind-mills  or  other  machinery.     (Ihid.) 

*  Quantities  exported  from  Chincha  Islands  to  Spain,  1852-57.— App.  Cyc,  viii,  52U. 

t  The  average  annual  consumption  by  the  United  States  before  the  war  Is  set  down 
by  this  authority  at  40,000  tons;  while  the  actual  imports  into  the  United  States  from 
185i)  to  1861,  inclusive,  were  954,989  tons,  an  annual  average  of  double  the  <iuantltv. 
However,  a  portion  of  this  gaano  came  from  other  places  beside  Peru.  For  complete 
statistics  on  this  subject,  see  V.  S.  Com  and  Nav.,  1887,  p.  xlvi. 
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Fanning  machines  are  now  in  use  near  tbe  towns ;  the  thresher  has 
been  introduced ;  and  the  first  American  mower  and  reaper  was  imported 
a  year  or  two  ago. 

English  implements  are  too  heavy  for  Spanish  hands  (L.  T.,  29),  and 
many  that  have  beeu  imported  are  left  to  rot  for  want  of  men  able  to 
handle  them.    The  American  implements  are  much  preferred. 

On  the  whole,  it  may  be  stated  that  Spain  is  but  on  the  threshold  of  a 
change  from  the  inefficient  implements  of  antiquity  to  the  powerful 
machines  of  modem  agricultural  progress. 

Domestic  Animals. 

Since  the  destruction  of  her  forests  Spain  must  have  lost  much  of  the 
pastoral  character  which  undoubtedly  distinguished  her  to  a  great  degree 
under  the  rule  of  the  Mo'trs.  There  are  now,  properly  speaking,  no 
meadows  (grass  lands)  in  Spain.  Young  noticed  a  single  patch  during 
his  journey  in  1787 ;  but  late  observers  do  not  speak  of  any  at  all.  (L. 
T.,  28,  and  elsewhere.) 

Said  M'Culloch,  abjut  forty  years  ago  : 

*^The  Pyrenees,  the  hilly  parts  of  Biscay  and  the  Asturias,  the  vast 
plains  of  Andalusia,  the  two  Castiles,  Estramadura  and  Leon,  are  almost 
wholly  in  pasture  ;  and  in  some  parts  the  traveler  may  journey  for  many 
miles  without  seeing  either  a  house  or  an  individual.  '  In  point  of  fact, 
however,  half  the  pastures  really  consist  of  heaths,  or  of  neglected  tracts 
covered  with  thyme  and  other  wild  herbs,  that  are  at  present  next  to 
worthless.  There  are  few  or  no  irrigated  meadows,  and  hay  is  seldom  or 
never  prepared  for  fodder." 

Except  that  portions  of  this  waste  land  have  of  late  years  been  reclaimed, 
this  description  will  answer  for  today. 

The  following  table  exhibits  a  comparison  of  the  number  of  domestic 
;animal8  in  Spain  in  1808  and  1865,  respectively,  from  which  it  will  be 
seen  that  there  has  been  a  small  increase  of  horses,  a  considerable  increase 
of  mules  and  asses,  a  decrease  of  horned  cattle,  sheep  and  goats,  and  an 
increase  of  swine. 

It  should  be  stated  that  a  great  many  incomplete  and  incorrect  state- 
jnents  on  this  subject  have  appeai-ed  in  statistical  works. 

The  autliorities  for  the  figures  given  in  the  text  are,  for  1808,  the  report 
to  the  Cortes  quoted  by  Macgrogor,  and  for  1865  the  report  of  Senores 
Feliciano  Ueri'eros  de  T6jada  and  Victoriano  Ballaguer  to  the  Statistical 
Congress  of  the  Hague. 

Domestic  Animals.  i    Year  1808.     |    Year  1865. 

Horses ,  533,926  I            680,873 

Mules  and  asses '  1,079,002  2,819,846 

Horned  cattle !  8,694,156  2,967,303 

Sheep  and  lambs '  24,916,212  22,468,969 

Pigs 3,628,288  I         4,351,736 

Goats I  6,916,890  ,         4,531,228 

Camels INo  data,  3,104 

Poultry I  "  iNodata. 
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In  some  pirts  of  Spain  thero  are  no  inclosures  (fences),  and  cattle  can- 
not be  kept  with  >ut  injury  to  the  crops  (L.  T^  2«).  Of  late  years  a  new 
and  considerable  trade  has  sprung  up  between  Spain  and  England,  con- 
sisting of  exports  of  horned  cattle  and  of  eggs  from  the  former  to  the 
latter.  The  following  table  shows  the  development  of  this  trade  since  1860: 

Quantities  of  Animal  Products   Imported  from  Spain  Proper 
INTO  tbe  United  Kingdom  Annually  since  1860. 


Calendar 

Horned  Cattle. 

Year. 

Number, 

1860 

8,573 

1801 

8,596 

1862 

6,787 

1863 

6,566 

1864 

8,281 

I860 

8,209 

1866.... 

8,490 

Eggt.         !'  Calendar    Homed  Cattle. 
Great  aund'dt  I       Year.  Number, 


Great 


t  Hu'nd'd 


J1867 !  13,816  j  93.064 

123,842  11868 j  15,985  !  116,895 

139,628  ||l869 1  19,589  |  96,131 

78,818  I;i870 1  27,271  1  112,638 

54,465  1 1 1871 19,612  184,114 

31,328  i|1872 •  15,462  l  151,296 

80.055  i'1873 1  19.888  I  151,504 


Chief  Articles  of  National  Diet. 

The  Spanish  peasantry  is  even  to-day  but  wretchedly  fed;  ^hat  it 
starved  upon  in  the  long  and  terrible  ages  of  Ecclesiastical  domination 
and  feudal  tyranny,  defies  all  sober  description.  (On  the  general  subject 
of  peasant  wretchedness  in  the  Middle  Ages,  see  The  Earth  as  Modified 
by  Mariy  by  Marsh;  New  York,  1874,  pp.  5-7,  the  foot  notes.) 

The  usual  fare  is  bread,  porridge  and  pulse.  Chestnuts  and  other  mast 
also  form  articles  of  diet  in  the  few  wooded  districts  which  the  country 
possesses.  (L.  T.,  24.) 

The  following  accounts  relate  to  the  years  1809  and  1870  :  In  Guipuzcoa, 
the  nurture  is  beans,  cabbages,  milk,  chestnuts,  and  Indian  com  cakes  in 
place  of  bread.  Meat  is  scarcely  known ;  occasionally  a  small  piece  of 
bacon  is  attainable.  (L.  T.,  38.)  In  Biscay,  the  foo  1  is  "  puchero,"  a  vege- 
table soup  composed  principally  of  cabbage  an  J  beans.  Lard  is  occasion- 
ally added,  and  sometimes  even  a  scrap  of  meat  or  dried  codfish.  {Ibid^ 
40.)  The  beverage  in  Asturias  and  Guipuzcoa  is  cider;  iu  Biscay,  it 
was  **  chacoli,*'  a  thin  mixture  of  wine  and  water.  Of  late  years  tliis  is 
becoming  replaced  by  the  common  wine  of  Navarra,  etc.  In  Majorca, 
the  diet  is  vegetables  and  bread.  {Ibid,  32.)  In  Minorca,  it  is  potatoes. 
{Ihidf  35.)  In  Alicante,  it  consists  of  a  pottage  of  rice,  beans  and  oil, 
with  barley  or  maize  bread,  and  occasionally  a  little  codfish  or  sardine  ; 
but  butcher  meat  is  seldom  enjoyed.  {Ibid,  51.)  In  Valencia,  the  usual 
food  is,  at  morning,  a  pilchard  (salted)  and  bread  ;  at  noon,  a  stew  of 
beans  and  potatoes,  with  pieces  of  bacon  ;  and  at  night,  the  same  as  at 
morning  or  noon.  These  articles  of  diet  are  usually  supplemented  wibli 
thin  wine  and  sometimes  fruit.  (Ibid^  p.  54,  and  private  information.)  In 
Galiciaand  Asturias,  the  food  is  potatoes  and  vegetable  soup,  condimented 
with  lard;  also  bread  of  rye  or  maize  ;  sometimes  a  piece  of  pork.  {Ibid, 
20.)     In  Andalusia,  corn  bread  ;  seldom  meat  {Ibid,  49.) 
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EfFECTIVBNEBS  of  LA.BOR. 

In  Galicia  and  Asturias  a  good  workman  is  expected  to  plow  about 
one-fifth  o(  an  acre  per  diem.  (L.  T.,  20.)  One  laborer  only  is  required  to 
ev«»ry  six  acres  yearly.  {Ibidf  24.)  One  man  with  two  horses  or  mules  can 
plow  in  two  days  aixfanegadas  or  1.237  acres,  equal  to  about  five-eighths 
of  an  acre  per  day.  (L.  T.,  53.)  Consult  also  pp.  28  and  50  for  similar, 
though  less  definite  statements. 

This  extraordinary  degree  of  inefficiency  is  not  the  result  of  indolence. 
All  writers,  from  Arthur  Young  to  the  present  time,  agree  in  giving  the 
8panif(h  peasantry  the  credit  for  untiring  industry  and  perseverance.  It 
is  rather  the  product  of  weak  and  insufficient  food  and  lack  of  comfort. 
(See  Arthur  Helps  on  Brassey.) 

Condition  of  the  Peasantry. 

Galicia  and  Asturian,  1870.  Their  houses  of  rough  stone — nostly  con- 
sisting solely  of  the  ground  floor — are  poor  and  dirty,  the  same  roof  fre- 
quently giving  shelter  to  the  proprietor's  family  and  to  the  produce  of 
his  fann,  including  his  oxen,  cows,  pigs  and  fowls.  Some  of  the  better 
conditioned  of  the  same  class  construct  with  wood  an  upper  story  to  their 
houses,  which  serves  for  their  dwelling  and  granary,  in  which  case  the 
lower  part  is  occupied  entirely  by  the  live  stock.  (L.  T.,  20.) 

Majorca,  1870.  Their  houses  are  wanting  in  accommodations.  Their 
food  is  frugal ;  their  dress  modest.  {Ibid,  32.) 

Minorca,  1870  Their  cottages  are  of  a  cleanness  that  is  remarkable, 
being  whitewashed  inside  and  outside  twice  a  month.  Their  clothing, 
bedding,  etc  ,  arc  also  very  clean.  Their  habits  are  moral  and  religious. 
All  disputes  settled  by  arbitration.  '^Ibid,  33.) 

Guipuzcoa,  1870.     They  are  badly  housed  and  have  none  of  the  com- 
f  trts  of  the  English.     The  kitchen  is  black,  dirty  and  full  of  smoke 
They  dress  in  home-spun  flax.  {Ibid,  38.) 

AlicantCy  1870.  They  are  clothed  in  the  linen  shirt  and  short,  wide 
trousers  of  their  Moorish  ancestors.  (L.  T.,  51.) 

Valencia,  1870.  The  peasants  live  in  small  stone  or  brick  houses  of  one 
story,  and  in  mud  huts  with  thatched  roofs.  Their  donkeys  and  pigs 
occupy  a  shed  at  the  back  of  the  house ;  but  all  pass  through  one  door. 
(L.  T.,  53.) 

Biscay,  1870.  They  are  housed  in  stone  buildings  with  no  comfort  and 
scarcely  decency.  Stables  for  oxen  and  pigs  on  the  ground  floor; 
sleeping  apartment  above.  Results  :  dirt,  discomfort  and  fever.  Home- 
spun clotl>e9,  the  men  cloth,  the  women  cotton  and  flannel  from  abroad. 
Habits  thrifty.  The  tenant  farms  descend  regularly  from  father  to  son 
by  force  of  custom.  (L.  T.,  41.) 

Andalusia,  1870.  The  great  mass  of  the  country  population  are  hired 
labjrors.  The  Spanish  peasantry  are  generally  poorly  housed,  fed  and 
clad.     The  country  is  still  insecure,  and  abductions  for  ransom  by 
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banditti  are  not  unfrequent.  (Ibidf  45.)    The  British  Consul  at  Cadiz, 
under  date  of  February  15,  1865,  says  : 

''Property  and  life  are  much  more  secure  throughout  the  country  than 
they  were  twenty  years  ago.  Robberies,  are  very  much  more  rare  ;  the 
police,  and  especially  the  rural  police  (gens  d^armea)  in  the  provinces,  are 
in  general  respectable  officials,  and  are  becoming  useful  and  effective. 
In  numerous  small  towns  (I  speak  of  Andalusia  especially)  they  are 
active,  earnest  and  conscientious  local  magistrates,  quietly  doing  a  great 
deal  of  good."  (B.  C.  R.,  1865,  96.) 

The  travelers'  guide-books  of  recent  dates,  which  are  pretty  good 
authority  on  the  subject  of  personal  security,  agree  in  stating  that 
brigandage  and  all  molestation  on  the  highways  have  wholly  ceased.  This 
happy  result  is  attributed  indirectly  to  the  general  improvement  of  affairs 
in  Spain,  and  directly  to  the  guardas  eivileSf  a  body  of  police  or  gens 
d^arnuiy  selected  from  the  veteran  corps  in  the  armies,  and  composed  of 
men  noted  for  high  moral  traits  and  physical  pre-eminence. 

Concerning  the  tendency  of  thought  among  the  peasants,  it  is  stated 
that: 

''Socialistic  and  communistic  doctrines  are  spoken  and  spread  iu 
Andalusia  where  the  peasantry,  though  very  bigoted,  are  argumentative 
and  of  an  independent  turn  of  mind.  If  ever  Protestantism,  in  some 
shape  or  other,  be  put  before  the  Andalusian,  it  will  spread  like  wildfire, 
for  it  exactly  suits  his  mode  of  thought."  (L.  T.,  p.  — .)  Socialism  is  gain- 
ing ground  among  the  laboring  classes  of  Andalusia.  {Ibid,  p.  51.)  "  Spain 
has  a  peasantry  superior  to  that  of  most  European  countries  ;  but  no 
middle  class." — London  Economist,  January  5,  1867. 

The  military  conscription,  which  is  compulsory  in  Spain,  is  perhaps, 
the  most  oppressive  institution  against  which  the  peasant  has  now  to 
struggle. 

Illiteracy  and  Education. 

The  following  table  shows  the  condition  of  the  population  of  all  Spain 
in  these  respects  in  the  year  1860  : 


Classet. 


Males.  I  Females. 

Number 


Able  to  read  and  write,  i  2,414,015 

Able  to  read  only |     316,557 

Not  able  to  read  or  write,  5,034,936 


Number,  ,  P.  C. 


Total. 


15.41      715,9061      4.6 

2.1      889,2211      2.4 

32.1  6,802,846     43.4 


Total I  7,765,508     49.6|  7,907,973      50.4 


Number. 

3,129,921 

705,778 

11,837,782 


P.  c. 

2ao 

4.5 
75.5 


15,673,4811100.0 


Owing  to  the  ecclesiastical  policy  popular  education  showed  no  per- 
ceptible progress  in  Spain  until  about  the  year  1868,  since  which  time  it 
has  made  considerable  strides.  (A,  O.  FaerUa,  U,  S.  Consul  at  Carunnat 
October  1,  1873.) 
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In  1797  only  893,126  children  attended  the  primary  schools  of  Spain 
and  these  were  very  imperfect 

Up  to  1808  public  education  was  entirely  in  the  hands  of  the  eccle- 
siastics. 

Until  1838  there  was  scarcely  any  progress. 

In  1848  the  number  of  pupils  attending  all  the  schools  was  663,711. 

On  January  1,  1861,  the  number  was  1,046,558,  as  follows :  Private 
schools,  superior,  elementary  and  mixed,  8,800  with  184,383  scholars; 
public  schools,  same  classes,  18,260,  with  912,175  scholars. — Martin. 

It  is  believed  that  since  1861  the  number  of  pupils  has  fully  doubled. 
For  a  summary  of  the  extremely  liberal  provisions  for  public  education 
since  1861,  consult  U.  8.  Kep.  Com.  Education,  1871,  p.  477. 

Wages. 

Years  1787-89.  (Arthur  Young.)  Wages  near  Esparagara,  spinners,  six 
cents  a  day ;  carders,  eleven  cents ;  lace- makers,  nine  cents  and  food. 
Near  Gerona,  laborers  twenty  cents,  without  food.  Near  Barcelona, 
laborers,  twenty-five  cents  a  day,  without  food ;  highest,  thirty-three 
cents,  lowest,  twenty-two  and  a-half  cents. 

Year  1864.  (Com.  Rel.,  1865.)  Wages  in  Bilboa,  day  laborer,  20c. @25c ; 
mechanics,  40c.@45c.,  without  food. 

Year  1864.  (Com.  Rel.,  1865.)  Since  1854,  a  notable  rise  in  wages  in 
Bilboa:  Day  laborers  now,  55c(^70c.;  mechanics,  95c.@$1.25  without 
food. 

Years  1869  to  1871.  (Land  Tenures,  pp.  20,  24,  32,  38,  40,  45, 51  and  53. 
Com.  Rel.,  1871,  p,  1010.)  The  following  table  gives  the  wages  current 
in  various  provinces  of  Spain  : 

Daily  Wages  op  Agbicultural  Laborers,  without  Food,  187C-1. 


Provinces.  I         Men. 


Women. 


Galicia  and  Asturias |24  @  28  cents.  : 

Asturias '25  ^  35 

Majorca 20  ®  30 

Minorca |. .  (oj  24 

Guipuzcoa : . .  ®  30       **     16  (g  20 

Biscay !. .  ^  40       "     20  (c$  25 

Andalusia '40  @  50 

Ilicante 25  (^  30 

**      spade  work 40  ($  50 

Valencia l25  (^  35 

Murc'a |..  (^  28 

Spain  generally  * ,30  @  50 


10  @  15 


*  This  last  and  probably  anrellablo  line  la  from  the  O.  R.,  1871,  p.  1010.  The  same 
authority  quotes  meohanlcs*  wages  throughout  Spain  at  40^76  cents  per  day,  which 
Is  undoubte<lly  below  the  truth.  It  states  the  working  hours  in  summer  at  fourteen, 
and  in  winter  ten,  which  is  probably  oorreot. 
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Daily  Agricultural  Wages,  with  Food,  1870-1. 


Asturias. 

Majorca. 

Hinorca 

*  *       harvest,  long  hours. , 

Guipuzcoa* 

Biscay* 

Andalusia 

Murcia 


Men. 


36  I 

12  ( 


12i 

10 
I  15 

45 

16 
I  20 
\20 

14 


Women. 


i07i 
I  05 


Boys. 


05  ( 
08  ( 


^06 
^04 


From  these  tables  it  would  appear  that  in  some  places  probably 
throughout  Spain,  wages  continued,  from  the  close  of  the  last  century  to 
about  the  year  1855,  without  material  change  ;  but'  that  since  the  last 
named  date  they  have  doubled.  Whether  this  is  due  to  the  great 
ameliorations  set  on  foot  at  that  time  in  Spain,  or  to  other  causes  cannot 
be  determined  in  this  place. 

Emigration. 

During  the  years  1840  and  1841,  at  least  20,000  agricultural  laborers 
left  Valencia  for  Algiers.  (Macff^regor,  1015.)  The  immigi'ation  into  the 
Argentine  Republic  (Buenos  Ayres),  which  up  to  year  1862  was  less 
than  7,000  persons  a  year,  rose  to  between  10.000,  and  12,000  persons  in 
1863  and  1864,  and  to  over  40,000  persons  in  1870,  About  15  per  cent,  of 
of  these  pei*sons  in  1864  and  1870  were  from  Spain.  (Private  information.) 
There  are  now  nearly  forty  agricultural  colonics  in  the  Republic.  Of 
these,  twenty  have  been  formed  since  1870.  Many  of  the  agriculturists 
are  from  Spain.  The  immigration  of  Spaniards  into  the  United  States, 
from  1830  up  to  and  including  1870,  was  28,504,  and  since  1870  has  been 
as  follows  : 

1871 558  1873 546 

1872 595  1874,  about 500 

Large  numbers  of  Spanish  emigrants  go  to  Cuba  and  South  America, 
whence  a  few  afterwards  find  their  way  to  this  country.  In  1870,  there 
were  3,764  natives  of  Spain  residing  in  the  United  States. 

I  know  of  no  statistics  which  show  the  total  emigration  outward  from 
Spain,  but  it  must  be  considerable.  In  Galicia  and  Asturias  it  is  reckoned 
at  60,000  to  70,000  per  annum,  or  2^  per  cent,  of  the  population.  (L.  T., 
20).  One  half  of  those  from  Asturias  go  to  Spanish  colonies.  (Ibid, 
24.)  From  Murcia  1,000  persons  a  month  during  six  months  of  the  sum- 
mer and  fall  of  1869,  went  to  Oran,  coast  of  Africa.  (Tbidj  28.)  In  the 
Balearic  Isles  emigration  is  not  common,  and  the  militaiy  conscription  the 
principal  cause.  {Ibid,  32.)  From  Guipuzcoa  there  is  a  considerable 
emigration  mainly  to  South  America.  The  emigrants  go  chiefly  by  way 
of  France.     Cause,  want  of  work.     (Ibid,    38,39.)  From  Biscay  a  large 

*  Ouipuzcoa ;  boys  $20@i^  a  year,  with  food  and  lodging.    Biscay,  $15  a  year,  came. 
A,  P.  8, — VOL.  XIV.  2P 
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emigration,  which  has  been  gradually  inoreasing  daring  the  past  fifteen 
years,  occurs  to  South  America,  chiefiy  to  Buenos  Ayres  and  Montevideo. 
The  local  government  has  not  been  able  to  restrain  this  drain  of  popula- 
tion. (Ibidf  40.)  From  Andalusia  emigration  is  rare,  chiefly  from  Almeria 
and  only  in  years  of  great  drought.  (Tbidf  45.)  From  Alicante,  in  years 
of  drought  the  emigration  to  Africa  is  considerable.  Many  return  when 
the  weather  (and,  I  suppose,  their  fortunes)  improve.  In  good  years  they 
do  not  emigrate.  (Ibidt  51.)  The  Valencians  rarely  emigrate.  Fi*om  the 
towns  on  the  coast  they  frequently  go  over  to  Algiers  and  Oran  for  the 
harvest,  and  afterwards  return  home.  (Ibid,  53.)  The  army  and  navy 
in  the  West  Indies,  and  especially  Cuba,  constitute  a  regular  drain  upon 
the  population  by  robbing  it  of  its  most  energetic  elements. 

The  American  Consul  at  Corunna,  under  date  of  September  30th,  1870, 
says  that  140,000  emigrants  have  left  that  district  (in  Galicla),  for  South 
America  and  Cuba  within  a  few  years,  and  that  4,000  to  5,000  more  bound 
to  the  same  ports  sail  yearly  from  Corunna.  'The  agents  at  this  port  are 
always  willing  to  offer  them  passage,  to  be  paid  in  small  installments. 
Repeated  applications  have  been  addressed  to  this  Consulate  regarding 
the  emigration  to  the  United  States.  The  applicants  are  generally  all 
handsome  and  remarkably  healthy  young  men,  used  from  their  infancy  to 
farming  and  field  labor,  as  well  as  to  mechanical  pursuits  and  are  withal 
of  an  excellent  moral  conduct  and  pleasant  disposition,  but  as  they  are 
too  poor  to  pay  for  their  passage,  I  could  offer  no  inducements  to  them." 
The  same  Consul  writes  in  1873,  that  he  had  induced  a  Liverpool  shipping 
house  to  send  some  steamers  to  Corunna  for  the  United  States,  and  that 
they  had  arrived  and  taken  out  to  New  Orleans  a  large  batch  of  respect<a- 
ble  young  field  laborers. 

Prices  and  Rents  of  Land. 

It  is  almost  impossible  to  make  anything  out  of  the  fragmentary  and 
loose  evidence  on  this  point  contained  in  Arthur  Young  and  Land  Ten- 
ureSj  the  best  authorities  for  the  latter  half  of  the  last  and  present  centu- 
ries, respectively,  lioughly  speaking,  arable  land  seems  to  be  worth  at 
the  present  time  from  $70  to  $125  an  acre,  and  in  the  hxurtas  of  Valencia 
as  high  as  $500  to  $1,000  an  acre,  the  latter  price  being  quite  common. 
Rents  range  from  3  to  8^  per  cent,  on  the  value  of  the  property  (L.  T., 
41),  and  are  stated  to  be  on  all  the  lands  in  Spain,  including,  I  suppose, 
the  barrens,  from  $2  to  $4  an  acre  (L.  T.,  18),  and  on  the  irrigated  huer- 
tas  of  Valencia,  $20  to  $35  {Ibid,)  the  common  rate  being  about  $30  an 
acre.     (L.  T.,  p.  54.) 

These  prices  and  rents  do  not  appear  to  differ  materially  from  those 
quoted  by  Arthur  Young,  nearly  a  century  before.  (See  Young,  ii,  p. 
326  and  elsewhere.) 

I  take  it  that,  at  the  rents  quoted  above,  the  tenants  pay  the  taxes;  yet 
as  the  following  passage  occurs  in  Land  Tenures,  p.  56,  relating  to 
Valencia,  this  point  does  not  seem  certain  : 
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"The  taxes  on  landed  property  are  for  aooount  of  the  landlord,  and  if 
ths  Oovernment  taxes  the  land,  for  a  larger  sum  than  it  really  produces, 
then  the  landlord  pays  only  to  the  extent  of  the  rent  and  the  surplus  is 
paid  by  the  tenant  and  is  denominated  as  colonization.''  Spoliation  were 
a  better  name. 

Taxes, 

Transfer  and  succession  duties  on  land  have  already  been  adverted  to. 
Although  there  is  some  discrepancy  in  the  accounts,  all  agree  in  repre- 
senting these  dues  as  exceedingly  onerous. 

"  The  cost  of  registration  is,  in  the  first  place,  a  Government  transfer 
duty  of  3  per  cent,  on  the  price  in  cases  of  sale  or  barter ;  10  per  cent,  in 
cases  of  donation  inter  vivos  (during  life),  and  from  1  to  10  per  cent,  on 
successions,  according  to  the  nearer  or  remoter  degree  of  relationship  be- 
tween the  deceased  proprietors  and  the  heirs  ;  inheritance  from  ascendant 
to  descendant  is  free  of  duty,  and  on  a  lagacy  to  very  distant  relations  or 
to  mere  friends,  being  strangers  in  bloody  Che  duty  is  10  per  cent.  The 
Registrar's  fee  varies  according  to  the  length  of  the  deed  inscribed,  but 
it  never  exceeds  3  per  mil  (3  cents  on  $10)  on  the  price  or  value  of  the 
property."  (L.  T.,   44.) 

Such  heavy  taxes  and  fees  would  seem  to  amount  virtually,  to  a  prohi- 
bition on  the  sale  of  land  and  must  have  very  ii\jurious  effects  upon  agri- 
culture. 

The  taxes  levied  in  Spain  are  general,  provincial  and  municipal. 
(Com  Rel.,  1856,  p.  56.) 

The  municipal  taxes  consist  partly  of  octroi  duties.  For  example,  in 
Bilboa  and  possibly  all  over  the  country,  the  octroi  duties  are:  ale  2  cents 
per  pound ;  brandy,  4  cents  per  pound ;  oil,  20  cents  per  arroba  of  28 
pounds;  salt,  30  cents  per  fanega  of  110  pounds,  beside  others.  (Cora. 
Rel.,  1865,  p.  100.)  The  Galicians  are  taxed  on  almost  everything  they 
possess  in  the  way  of  property:  land,  labor,  food  and  raiment.  (Com. 
Rel.,  1871,  p.  1008.) 

Similar  charges  are  exacted  in  Cadiz  and  on  foreign  products  which 
have  paid  duty  as  well  as  on  domestic.     (Com.  Rel.,  1866,  p.  222.) 

Heavy  taxes  are  also  spoken  of  in  Valencia.     (L.  T.,  54,  §  18.) 

The  General  Government  levies  export  duties  (Com.  Rel.,  1873,  p.; 961) 
also  import  duties,  direct  taxes  on  land,  mines,  industries,  commerce, 
mortgages,  excise,  tolls,  stamps,  railway  passengers,  and  miscellaneous. 
It  derives  revenues  from  the  following  monopolies  :  tobacco,  salt,  gun- 
powder,  lotteries,  mints,  military  establishment^  post  office  and  miscel- 
laneous, and  from  the  following  domains  :  mines,  property  of  the  State, 
clergy  and  provinces,  besides  a  revenue  from  the  colonies.  The  total 
annual  revenues  of  the  General  Government  during  the  period  1865-70 
were  estimated  in  the  budgets  at  between  $107,000,000  and  $138,000,000 
per  annum.  This  would  amount  to  an  average  of  about  $7  per  capita  of 
population. 

If  the  provincial  and  local  taxes  be  added  to  these,  the  total  bur- 
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I 
den  of  taxation  would  be  exceedingly  onerous — especially  when  the 
industrial  condition  and  efficiency  of  the  country,  as  compared   with 
other  countries  at  the  same  period,  is  taken  into  consideration. 

'*  The  direct  tax  on  real  property,  on  agricultural  produce  and  on  cattle, 
has,  during  the  last  twenty  years,  nearly  doubled,  throughout  the  whole 
of  Spain. 

1846  to  1848,  it  amounted  to  $12,500,000. 

1849toia55,  "  "    15,000,000. 

1856  to  1857,  "  "    17,500,000. 

1858  to  1868,  "  "    20,000,000. 

1864  to  1866,  **  "    21,500,000. 

The  same  tax  levied  by  the  local  authorities  throughout  Spain,  for 
provincial  and  municipal  purposes,  has  risen,  during  the  same  period, 
from  $1,750,000  to  $4,434,585."     (Br.  Con.  Rep.  1866-5,  p.  375.) 

Interest. 

In  the  year  1545,  Charles  the  Fifth  fixed  the  legal  rate  of  interest  in 
Spain  and  the  Low  Countries  at  12  per  cent.  (N,  T.  Social  Science  BevieWj* 
1865,  pp.  362-3.)  From  that  time  until  toward  the  close  of  the  last  cen- 
tury, the  market  rate  of  interest  in  Spain  continued  to  fall,  not  so  much 
from  increased  profits  or  security  as  from  an  increasing  absence  of  oppor- 
tunities for  the  investment  of  capital.  This  is  proved  by  the  fact  that 
while  generally  the  market  rate  of  interest  fell,  the  rate  on  Government 
securities  rose. 

At  the  time  of  Arthur  Young's  travels  the  market  rate  on  landed  se- 
curity in  Catalonia  was  8  to  10  per  cent. 

Since  that  time  the  usury  laws  have  been  entirely  abolished,  and  now 
interest  is  left  free  to  be  determined  by  the  contracting  parties.  (L.  T.,  24.) 

The  prevailing  rates  on  landed  security  about  the  year  1870  were  from 
4  to  5  per  cent,  per  annum  in  Biscay  and  the  Balearic  Isles,  the  two 
extremities  of  Spain  (L.  T.,  31,  37,  40),  to  10  or  12  per  cent,  in  Murcia. 
{Ibid,  28.)  In  the  rest  of  the  provinces,  and  Spain  generally,  it  appears 
to  be  from  6  to  10  per  cent.  {Ibid,  18,  20,  24,  44,  50,  53.) 

On  the  security  of  growing  crops,  or  personal  security  the  rates  are 
most  frequently  30  to  40  per  cent.,  though  of  course  they  vary  with  the 
degree  of  risk  in  each  case.  {Ibid,  18,  24,  44.) 

According  to  the  quotations  of  the  Madrid  Bourse,  at  the  close  of  the 
year  1874,  Government  securities  were  at  prices  that  yielded  interest  at 
the  rate  of  from  12  to  20  per  cent,  per  annum. 

Code  op  Law — Credit — Debt — Executions. 

*'The  habits,  customs,  laws,  have  accumulated  from  the  earliest  ages, 
— Gothic,  Christian,  Jewish  and  Moorish, — forming  an  inextricable  web 
which  no  legislator  has  attempted  to  unravel.  Codification  has  been  often 
talked  of,  and  even  attempted,  and  as  yet  produced  nothing.  The  conse- 
quence is  that  most  Spanish  proprietors  are  perpetually  involved  in  law 
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suits,  wbich  are  lost  and  won,  and  lo^t  again,  going  from  one  province  to 
another  and  appealing  to  different  courts  and  tribunals,  one  after  the 
other."  n,  B.  M,  See.  of  Leg.  Percy  Ffrench,  Madrid^  Demnber  7,  1870. 
(L.  T.,  19.) 

For  organization  of  courts  of  law  and  proceedings  on  judgments  and 
evictions,  see  L.  T.,  26. 

There  are  no  special  courts  of  bankruptcy.  {Ibtd,)  **  No  questions  are 
submitted  to  jury."  {Ibid,) 

Agricultural  banks  on  the  German  plan  have  been  tried  but  failed.  (L. 
T.,  55.)  The  system  of  legal  procedure  against  debtors  is  the  great  draw- 
back to  credit  based  upon  land.  Even  lending  mouey  upon  mortgage  is 
dangerous.  (L.  T.,  44  and  47.)  In  many  places  money  on  land  is  only  to 
be  had  on  a  sale  a  retro,  or  a  remore  (L.  T.,  47),  which  seems  to  be  a  sale 
with  power  of  redemption. 

The  laws  give  the  landlord  to  whom  rent  or  allowances  for  deteriora 
tions  are  due,  a  preference  over  other  creditors  to  the  extent  of  the  cattle, 
household  effects  and  other  moveables  found  upon  the  property  (L.  T., 
'20,  34,  38  and  48) ;  but  not  the  mules,  horses,  plows,  or  carts  ;  which 
appear  to  be  exempt  from  execution.  (/6t(i,  51.) 

A  custom  is  said  to  exist  in  Valencia  which  is  peculiar,  and  as  it  may  be 
common  elsewhere  in  Spain,  and  has  a  bearing  tm  the  tenure  of  land  and 
security,  credit  and  interest,  I  insert  an  account  of  it  here  : 

**When  an  eviction  occurs  (generally  a  rare  thing  in  the  agricultural 
parts  of  Spain),  if  the  landlord  d)es  not  pay  the  colonist  or  tenant  the 
value  of  the  buildings  (erected  by  the  latter),  the  tenant  pulls  them  down 
and  carries  away  the  materials  ;  this,  however,  rarely  happens."  (L. 
T.,  56.) 

Common  Roads. 

'^  Owing  to  the  badness  of  the  roads  and  their  unfitness  for  carriages, 
the  principal  carriers  of  merchandise  are  the  arieros,  or  muleteers,  who 
traverse  the  country  in  all  directions  along  beaten  tracks,  many  of  which 
are  accessible  only  to  them.  ♦  *  *  Three-fourths  of  the  entire  inland 
traffic  in  corn  is  carried  on  by  their  means.  Recently,  however,  wagons 
have  begun  to  be  introduced."     (M'Culloch,  11,  839.) 

This  was  the  condition  of  affairs  described  in  1844. 

Under  date  of  July  1,  1865,  the  British  Secretary  of  Legation,  at  Mad- 
rid, wrote  as  follows  : 

**  Even  the  few  main  roads  (common  roads)  which  exist,  are  insuffi- 
ciently provided  with  bridges,  and  it  is  not  an  uncommon  sight  to  see 
eighty  or  ninety  **carros"  or  country  carts  laden  with  agricultural  pro- 
duce, detained  on  the  banks  of  a  Hooded  river  until  able  to  ford,  some- 
times for  three  or  four  days.  «  «  «  Fifty  years  ago  the  in- 
ternal communication  was  entirely  carried  on  by  means  of  mules,  and 
few,  if  any  roads  existed."     (Br.  Rep.  Sec.  Leg.  1860,  ;?.  184.) 
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1  Kilometres  J 

Miles. 

First  class 

1 

9,097        . 
1,550        ! 
629 

5,640 
961 

Second  "    

Third    **    

1 

890 

1 

Total 

1 

11,276        1 

'  6,991 

"Also  in  course  of  construction  4,276  kilometres  or  2,651  miles. 
Amount  expended  on  roads  in  1861  and  1862,  $14,735,829."     {Ibid,) 

Since  the  conclusion  of  the  civil  war,  the  Government  has  constructed 
upwards  of  10,000  miles  of  turnpike  roads,  exclusive  of  Biscay,  where  the 
roads  have  been  built  by  the  local  authorities.  (Br.  Con.  Kep.  1865,  p.  83.) 

A  better  view  of  the  progress  that  has  taken  place  is  afforded  by  the 
following  : 

Table  Showing  the  Length  and  Condition  op  the  Various  Classes 
OF  Common  Roads  in  Spain  in  the  Year  1867. 


Classes.  I  Kilometres. 


First  class  roads 7,839 

Second"        '*     I  9,566 

Third    "        "     I  17,766 

County           "     I  4,540 


Miles. 


4,550 

5,981 

11,015 

2,815 


Total '         89,212        j         24,311 

Of  the  above  roads  12,342  miles  were  built,  2,087  miles  in  course  of 
construction,  and  9,882  miles  projected  in  1867.     (Br.  Stat.  F.  C.  xii,  292.) 

Canals  and  Slack- Water  Navigation. 

Since  the  destruction  of  the  Spanish  forests,  such  of  the  rivers  of  Spain 
as  were  navigable  before,  were  rendered  unnavigable.  Of  these  only  the 
Tagus  and  Guadalquiver  had  been  rendered  partly  navigable  up  to  the 
year  1844.     (M'CuUoch.) 

In  1871,  owing  to  recent  improvements  in  the  river  channel,  vessels 
drawing  from  16  to  18  feet  of  water  could  ascend  the  Guadalquiver  to 
Seville.     (C.  R.  71,  1028.) 

I  have  no  other  advices  with  respect  to  the  progress  of  slack-water 
navigation  in  Spain.  Of  the  canals  of  Spain,  glowing  accounts  in  general 
terms  are  to  be  found  in  many  descriptions  of  the  counti*y  (e.g.  Appleton's 
Cyc,  xiv,  805,  Old  Ed.),  but  I  cannot  find  sufficient  basis  for  them. 
There  appear  to  be  but  three  canals  of  any  importance  in  Spain,  and  the 
aggregate  mileage  of  the  three  is  not  over  800.  These  are  1.  The  Ebro- 
Canal,  in  AiTagon,  from  Tudela  to  Santiago,  41  miles  below  Saragossa. 
It  was  built  in  the  reigns  of  Charles  IIT,  IV  and  V,  is  about  85  miles  long 
and  is  navigable  by  barges,  and  used  also  for  irrigating  purposes.  2.  The 
canal  in  Old  Castile  from  Segovia,  past  Valladolid  and  Palencia,  to 
Aguilar  del  Campo,  and  thence  to  the  Bay  of  Biscay,  with  a  way  branch 
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to  Rio  Seco  and  another  to  Boorgos ;  commenced  in  the  year  1758.  3.  The 
Urgel  Canal  in  the  Gerona  district  of  Catalonia.  These  canals  are  also 
navigable  for  barges.  I  do  not  find  any  other  navigable  canals  of  import- 
ance, and  to  say  that  the  aggregate  navigable  canals  of  Spain  are  less 
than  500  miles  in  length  would  probably  be  largely  within  the  truth. 

Railways. 
The  following  is  a  tolerably  complete  list  of  all  the  railways  in  Spain 
at  the  close  of  the  year  1872,  omitting  branches  and  turn-outs  : 


Railways. 


*  Madrid  to  Saragossa  and  Madrid  to  Alicante 

*  Saragossa,  Pamplona  and  Barcelona 

*  Barcelona  to  France  via  Figueras 

*  Northwestern    Railway,   Palencid  and  Corunna,  Palencia 

and  Leon  via  Gijon 

*  Medina    del    Campo    to    Zamora    and     Orense  to  Vigo 

(Medina  to  Zamora   finished ;    Zamora   to    Orense  not 
begun ;  Orense  to  Vigo  unfinished) 

*  Cordova  to  Seville 

Seville  to  Cadiz  about 

Branch  to  Moron  about 

*  Cordova  to  Malaga 

Branch  to  Antequera 

Branch  Loja  to  Granada . 

*  Lerrida  to  Reus  and  Tari'agona 

*  Aranjuez  to  Cuenca,  80  miles  unfinished 

*  Aranjuez  to  Toledo 

*  Santiago,  27  miles  unfioished i 

*  Urgel  Canal  Railway 

*  East  Coast  Railway,   Almansa  f  to  Valencia  and  Tarra- 

gona   

Tarragona  to  Barcelona 

Madrid  to  Avela  40  miles,  A  vela  to  Medina  del  Campo  50 

miles,  Medina  to  Palencia  50  miles,  about 

Cordova  to  Alcazar   (on    Madrid    and    Alicante   Railway), 

about 

Badajos    to  Manzanares    (on    last    named    Railway),   (this 

line  connects  with  Lisbon,  Portugal),  about 

Palencia  to  Burgos  and  Miranda,  about 

Bilboa,  Miranda  and  Saragossa,  about 

Palencia  and  Santander,  about 

Barcelona  and  Gerona,  about 

Granollers  to  Junction  with  last  named  Railway,  about.... 

Barcelona  and  Reus,  about 

Mii*anda,  Vitoria,  Pamplona  and  Alfara,  about 

San  Sebastian  to  Fuentarabia,  about    

San  Sebastian,  Guipuzcoa  and  Alsasua,  about 

Cartagena,  Murcia  and  Chinchilla,  about 

Cordova  to  Belmez 


Total  miles  opened . 


MiLRS 

Openbd. 

8«5 
885 
109 

158 


56 
81 
80 
20 

184 

50 

**25 

"33 

255 

80 

140 

100 

250 

100 

150 

100 

60 

25 

80 

100 

20 

50 

150 

45 


8,771 


♦  Subsidized  by  Government. 

t  /.e.,  from  near  Almansa  on  the  Madrid  and  Alioante  Railway. 
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Tbe  first  railway,  15^  miles  in  length,  was  opened  in  1848  from  Barce- 
lona to  Mataro  on  the  line  now  completed  from  Barcelona  to  Gerona. 
The  following  table  shows  the  progress  made  from  time  to  time  since 
that  year : 


Close  of  the  Year.! 


1848 
1850 
1856 
1857 
1858 
1859 
1860 
1861 


Miles 
Opeked. 


I  Close  of  the  Yeab. 


15i  !l862 

17  1863 

826  1864 

418  11865 

529  il866 

7l3i  ,1870 

1,191  Il872 

1,475  1874 


Miles 
Opened. 


1,694 
2,208 
2,525 
2,982 
8,184 
3,880 
8,711 
4,100 


From  this  table  it  will  be  observed  that  from  1848  to  1860,  inclusive,  a 
period  of  thirteen  years,  hardly  1,100  miles  of  railway  were  con. 
structed  in  Spain  ;  while  from  1860  to  1874,  inclusive,  a  period  of  fifteen 
years,  nearly  8,000  miles  were  opened. 

The  area  of  Spain  proper  is  190,257  square  miles,  and  of  California 
183,981  square  miles.  At  the  close  of  the  year  1873  there  were  1,868 
miles  of  railway  constructed  in  California  ;  so  that  Spain  with  about  the 
same  area  had  nearly  three  times  the  railway  mileage  of  California. 

Beside  the  above  there  are  many  other  roads  in  course  of  construction; 
for  example  :  One  from  Seville  to  Lisbon  via  Merida  and  Badajos,  the 
distance  from  Seville  to  Badajos,  which  is  on  the  Portuguese  border, 
being  some  150  miles.  (C.  R.,  1871,  1029.)  One  from  Cordova  to  Bel- 
mez,  4=3  miles.     (Ibid.)    Opened  in  1873.  (C.  R.,  1878,  959.) 

Concerning  the  roads  which  form  the  line  between  Madrid  and  the 
French  frontier,  the  American  Counsel  at  Bilboa,  wrote  in  1864  to  the  U. 
S.  State  Department,  as  follows  : 

**  The  Great  Northern  Railway,  Linea  del  NorUj  was  opened  (asa 
through  line)  on  the  20th  of  August,  1864,  for  passengers  and  merchan- 
dise, from  Madrid  to  Irun,  on  the  French  Frontier,  whera  it  connects 
with  the  railway  to  Paris.  The  line  has  been  operated  through  Castile 
and  other  sections,  for  a  considei-able  period;  but  the  heavy  character  of 
the  work — the  engineering  difiiculties  of  carrying  the  line  over  and  under 
the  Pyrenees,  which  here  break  up  into  detached  spurs — has  long  de- 
layed the  enterprise,  lately  so  happily  completed.  The  largest  tunnel — in 
Guipuzcoa — is  2970  yards  in  length,  and  is  1869  feet  above  the  sea-level. 
Besides  this,  there  are  22  other  tunnels,  measuring  in  all,  six  miles.  The 
Viaduct  of  Orinostiqui  is  1120  feet  long,  and  is  carried  over  five  arches, 
each  having  a  span  of  150  feet. 

The  construction  of  this  road  is  a  grand  tribute  to  engineering  skill, 
and  will  place  Madrid  within  85  hours  of  Paris."   (Com.  Rel.,  1864,  279.) 
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Harvests  in  Spain — Recent  Years. 

1865.  Grain  abundant.  (U.  8.  Com.  Rel.,  1866,  215.)     One-third  abov«» 

average.  (Ibid,  219.)     Largest  for  many  years.  {Ibid,  1865,  175.) 

1866.  Grain  hardly  average.     Potatoes  deficient.    (U.  S.  Com.  llel.,  186T, 

343.)  Grain  one-third  less  than  in  1865.  (Br.  Con.  Rep.,  1867,  88.) 
Drought  in  Alicante.  {Ibid,  1867-4, 133.) 

1867.  Grain  moderately  good.  (Br.  Con.  Rep.,  1868-7,  521.)  Olives  failed 

(Ibid,  1867-3,  87.)  Also  silk  ;  this  being  the  fifth  year  of  failure. 
{Ibid,) 

1868.  Grain  deficient.  (Br.  Con.  Rep.,  1867-8,  521.) 

1869.  Grain  barely  average.  (U.  S.  Com.  Rel.,  1871,  1008.) 

1870.  Grain  harvest  good. 

1871.  Lemon  crop  in  Andalusia  the  largest  ever  obtained.  (U.  S.  Com. 

Rel.,  1871,  1022.) 

1872.  Grain  crops  fair.  (U.  S.  Com.  Rel.,  1872,  777.) 

1873.  Grain  crops  excellent.  (U.  S.  Com.  Rel,,  1873,  938.) 

1874.  Grain  crops  good. 

It  is  said  that  when  the  harvests  are  good  in  one  section,  the  nortli  or 
south  of  Spain,  they  are  bad  in  the  other;  (Br.  C.  R.,  1868-7,  521);  but 
this  statement  must  be  taken  with  considerable  allowance  for  error. 
Variety  of  Agricultural  Products. 

The  agricultural  products  of  Spain  are  almost  endless  in  their  variety. 
The  principal  ones  arc  as  follows  : 

Grain  Crops. — Wheat,  maize,  barley,  rye,  buckwheat,  millet,  oats,  rice. 

Green  Crops.— Clover,  grass,  kitchen  vegetables. 

Root  Crops. — Sweet  and  Irish  potatoes,  cassava,  (mojiiato  or  convolvolns 
batatasy)  raised  in  the  Balearic  Isles,  and  much  used  by  the  peasants  for 
food  ;  (L.  T.,)  liquorice;  eatufas  de  Valencia;  peanuts. 

Leguminous  Crops. — Beans  :  1  French  beans  ;  2  string  beans  ;  3  gar- 
banzos  ;  4  carob-beans  (the  algaroho  or  locust  bean,  used  as  cattle  fodder). 

Fruits. — Apples,  peaches,  apricots,  nectarines,  pears,  plums,  cherries, 
grapes,  oranges,  lemons,  limes,  pomegranates,  figs,  olives,  melons,  ber- 
ries, prickly  pears. 

Commercial  (7/*op«. —Sugar  cane,  cotton,  esparto  grass,  hemp,  Hax, 
saffron,  madder,  red  pepper,  capers. 

Nuts  and  Forest  Products. — Chestnuts,  walnuts,  almonds,  hazel-nuts, 
cork,  oak  and  pine  bark,  acorns. 

Animal  Products. — Silk,  wool,  cheese,  leather,  eggs. 

Liquids. — Wine,  spirits,  ale,  cider,  oil. 

The  grain  crops  will  be  more  particularly  mentioned  hereafter.  Of  the 
other  crops,  those  which  demand  attention  on  account  of  their  importance, 
are  oranges  aud  lemons,  figs,  olives,  esparto  grass,  almonds,  cork,  silk, 
wine  and  olive  oil.  Some  idea  of  the  production  of  these  articles  in 
Spain  may  be  gathered  from  the  list  of  exports  hereinafter  given,  after 
due  allowance  is  made  for  the  quantities  consumed  in  the  country  of 
their  production. 
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Prices. 
Tho  average  of  the  prices  of  grain  and  meat  in  all  the  49  departments 
of  Spain  in  the  month  of  July,  1874,  is  shown  in  the  following  table  from 
the  Gaceta  de  Madrid : 

Average  Prices  in  all  the  Promnees  of  Spain,  July,  1874. 

Wheat,  (Trigo) per  bushel,  |1.57J 

Barley,  (Cebada) "  .94 

Rye,  {Cen(eno) "  1 00 

Maize,  (Afaiz) "  1.14 

Rice,  {Arroz) per  pound,  .OoJ 

Large  Chick  Peas,  {Oarbanzos) **  .06 

'M-uitoUf  (Cariiero) "  .10 

Beef,  (Vaea) "  .Hi 

Bacon,  (Tocino) "  .16^ 

Maximum  and  Minimum  Prices  in  Various  Provinces. 
Wheat,  maximum • per  bushel,     $2.73 

"      minimum **  .91 J 

Barley,  maximum **  1.49 

'•       minimum "  .50 

It  is  not  explained  how  these  pnoes  are  determined,  nor  whether  they 
are  wholesale  or  retail ;  but  I  take  it  they  are  determined  by  public  sales 
at  market  towns  and  at  wholesale.  The  difference  in  prices  in  the  vari- 
ous provinces,  ranging  from  91  Jc.  to  |2.73  per  bushel  for  wheat,  and  50c. 
to  $1.49  per  bushel  for  barley,  show  that,  notwithstanding  numerous 
railways,  there  still  exist  in  Spain  obstacles  to  the  mobilization  of  bread- 
stuffs  which  should  demand  the  serious  attention  of  the  Government.  It 
can  hardly  be  due  merely  to  the  cost  of  transportation  by  railway  that 
wheat  and  barley  are  three  times  as  high  in  one  province  as  another,  and 
the  tables  published  every  month  in  the  Gaceta  show  this  to  be  the  case, 
more  or  less,  throughout  many  years.  Spain  is  an  extensive  country,  and 
as  yet  comparatively  destitute  of  water-ways  and  other  cheap  modes  of 
carnage.  Still,  500  miles  by  rail  will  carry  a  bushel  of  wheat  from  one 
end  of  the  country  to  the  other,  and  unless  the  extreme  prices  quoted 
are  in  places  as  yet  remote  from  the  established  railway  lines,  or  octroi 
duties  hinder  the  free  circulation  of  commodities,  I  am  at  a  loss  to  account 
for  the  disparities  shown  in  the  prices  of  the  principal  edibles. 

Commercial  Policy — Corn  Laws — TARiFPf»,  etc. 

The  severe  restrictions  which  formerly  characterized  the  Spanish  com- 
mercial policy  have  been  much  modified  of  late  years. 

Until  1865  the  exportation  of  breadstuflfs,  with  occasional  excep- 
tions at  long  intervals,  w^  prohibited,  except  to  the  colonies.  (U.  S. 
Com.  Rel.,  1866,  p.  215.)  I  find,  however,  that  in  1860,  1861  and  1862 
there  were,  comparatively  speaking,  considerable  exports  of  grain  and 
flour  from  Spain  to  England,  and  I  infer  from  thi^  that  the  harvests  of 
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those  years  were  unusually  abundant  in  the  former  country.  Although 
the  prohibition  to  export  breadstuffs  appears  to  have  been  removed  in 
1865,  thei-e  only  appear  to  have  been  considerable  exports  of  those  arti- 
cles, since  that  date,  in  1866,  1867,  1872,  1873  and  1874. 

The  principal  features  of  the  regulations  with  regard  to  the  importa- 
tion of  breadstuflfs  appear  to  have  been  as  follows  : 

1849.  Act  of  July  17  prohibited  imports  of  breadstuffs  except  at  periods 
of  scarcity.  (Com.  Rel.,  1862,  220.) 

1856.  Grain  crop  deficient.  Decree  of  May  18,  1857,  admitted  breadstuffs 
free  until  December  31,  1857.  Decree  of  September  16,  1857, 
extended  the  time  until  June  80,  1858.  Breadstuffs  imported 
from  France,  Morrocco,  Egypt,  England  and  the  Baltic.  (Com. 
Rel.,  1858,  pp.  99-100.) 

1868.  January  1,  new  tariff.  Metrical  system  introduced  at  custom  houses. 
Octroi  duties  abolished  and  tariff  increased  on  principal  * 'tropical*' 
imports,  such  as  tea,  coffee,  etc.  Tariff  schedule  simplified,  but 
rates  not  lowered;  on  contrary,  raised.  Importation  of  breadstuffs 
still  prohibited.  (Com.  Rel.,  1863,  217.) 

1865.  April  1,  regulations  regarding  imports  of  flour  into  colonies.  June 
28,  other  regulations,  to  wit :  heavy  discriminating  duties  on 
foreign  flour  into  colonies.  For  example,  duty  on  American  flour 
into  Cuba  $9.50  per  bbL  ;  on  Spanish,  $2.25.  (Com.  Rel., 
1865,  176.) 

1867.  Duties  on  agricultural  implements  reduced  to  one  per  cent,  in 
Spanish  and  one  and  one-fifth  per  cent,  in  foreign  vessels.  (  U.  8. 
Monthly  Statistics,  November,  1867.) 

1867.  July  1,  importation  of  grain  still  prohibited.  (Br.  Con.  Rep., 
1867,  228.) 

1867.  August  22,  decree  admitting  breadstuffs  as  dutiable  articles  for 

four  months.     October  25,  time  extended  to  June  30,  1868. 

1868.  January  11th  and  17th,  wheat  and  other  alimentary  substances 

admitted  free.  April  22,  free  entry  of  above  articles  extended  to 
December  31,  1868. 

1869.  July  12,  new  tariff  in  force  from  August  1.     Duties  reduced  on 

certain  classes  of  articles  about  five  per  cent.  Premium  of  $3.50 
per  100  kilogrammes  on  exports  of  sugar  refined  in  Spain.  Dis- 
criminating duties  abolished.  Duties  on  agricultural  implements 
one  per  cent,  ad  valorem.  Duties  per  100  kilos  on  rice,  cleaned, 
$1.60  ;  oats,  52c.  ;  barley  and  maize,  45c.  ;  wheat,  60c.  ;  and  peas, 
beans,  etc.,  60c.  On  flour  50  per  cent,  in  addition  to  the  grain  of 
which  it  is  made.  (For  full  schedule,  see  U.  8.  Monthly 
Statistics,  July,  1809.) 

1873.  Breadstuffs  still  permitted  to  be  imported. 

1874.  **  "  "  *<  *» 
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COMlfEACE. 
As  increase  of  commerce  is  far  from  being  a  necessary  indication  of 
increase  of  wealth,  I  do  not  offef'  as  evidence  of  progress  in  Spain  the 
increase  wlilch  has  lately  taken  place  in  her  commerce,  both  foreign  and 
domestic.    But  as  I  wish  to  show  the  character  of  her  foreign  commerce, 
particularly  the  exports,  and  still  more  particularly  the  exports  of  agri- 
cultural produce,  I  herewith  append  a  complete  table  of  the  exx^orts  of 
1872,  and  such  other  statistics  on  the  subject  as  will  tend  to  show  the 
nature  and  extent  of  the  agricultural  and  mineral  products  of  Spain. 
Table  Showing  the  Quantities  oftht  Principal  Articles  Entered  for  Expor- 
tation at  the  Custom- Houses   of   Spain    {including  the  Balearic  Isles) 
during  the  Calendar  Year  1872. 


Pfincipai    ArttcJeHf 


Qtta¥}ttti€x. 


Principal  Article*. 


OllTe  oil,  pcmnrti 42,187,5% 

SlHrJtff  {Airoanilentc),  ^hIIoiis, 

PrwervLnl  fiJ(Ml ,  iHiundfi , , 

Uorke:  mainjfftcltire<!.  M , 

In  slAbfi,  Ibi 

In  pieces,  ]{>!¥....,„„.*, 

EiBpuHo :  OTUile,  Iha  .„,,...... , 

miiiiafkctured,  Ibd.,.. 
Spicce :  anli^e.  lbs  .«......,..., . 

fljiHrttn,  Ibf. 

en  ml  II.  Iba. 


ije]ii*r,  grvuni),  Ibi.. 

Diy  Fnikn:  lamundik  m>,„. 

liatel-puts.  lbs.. 

ptmnutn.  Ib?„,.. 

iiLt  otber,  Iba..,. 
Frwh  Fruit*:  Itmon^ Jbs..,. 

^raptia,  lbs  .... 
all  f)th«r,  IbB.. 

Cattle,  nnmber. , 

Qratn;  Canary  ^ced,  lbs, ...,. 

rlec,  Lba .,...,.,.. 

oatA,  Iba... 

baric V,  lbs ,...., 

rye,  ibn ,.*.,.. 

willful.  lbs 


4,e73,05& 

S4e,270! 
1,2^, 43T 

4,a78,44fl 
110,471^4&e' 
10,1WJ16 

fi47,400r 

a,48a,7flTi 

10,004,1105: 
U,8a2,4{«, 


Wheat  Jlodfi  lbs 

Softp,  Ibei  _ 

Wool,  Tn«i,  lbs 

Lej^mes :  carob  beans,  lbs.. . 
i^rbaDzos,  lbs.... 

beans,  lbs 

French  beans,  lbs 

Mutals  :  quioksilver,  lbs 

copper,  ingots,  lbs . . 

iron,  lbs 

lead, lbs 

Opes:  liTic,  lbs , 

K>i>per,  lbs 

Irr>ii,  lbs 

otl^ier,  lbs 

Paper,  Ihs , ..„. 

I^iip        pastry      '  mnecaroDi. 

fttcK  i'>s '-. ■ 

Ueoricc  ;  root,  lbs. . . ...... 

extract  a  n  d  pa  ict  \\  \  hs- 
Sftltjb., 

SUIc,  ni^v,  lbs ..,.,,...... 

WIdm:  white,  gal  -i........... 

<  oramun,  g  U'l...... .. 

'0.  of  Oati.  limifti  gaP5 
herry  am!  jMirt^  gal'*" 

■irB*,^ 


'Malaga,  g 
thcr  sweer,  irai^s. 


(iuantitie*. 

10  •,870,672 

10,460,024 

0,708,472 

16,881,765 

7,676  206 

646,672 

1,338,118 

4,180,046 

780,960 

12,476,063 

207,701,747 

78,506,800 

584,987.000 

1,678,831,800 

105,015,984 

4,304,582 

5,139,497 

13,719.741 

1,604,931 

328,908,130 

309,661 

1,250,200 

24  564,700 

2,645,400 

9,120,400 

567,000 

43,000 


The  most  valuable  articles  of  export  at  the  present  time  are,  1.  Wines; 
2.  Metals  and  ores  ;  3.  Fruits ;  4.  Breadstuflfs  :  5.  Oil ;  6.  Cork  ;  7.  Cat- 
tle ;  8.  Salt ;  9.  Wool ;  10.  Esparto  ;  11.  Silk ;  and  12.  Spirits  ;  and 
generally  in  the  order  named. 

Wines. — The  export  of  wine  consists  chiefly  of  sherries,  which  had 
usually  amounted  to  some  8,000,000  or  10,000,000  gallons  per  annum,  but 
in  1873  rose  to  15,000,000  gallons,  and  of  common  red  wines,  which  had 
usually  amounted  to  some  25,000,000  gallons  per  annum,  but  in  1873  rose 
to  40,000,000  gallons.  The  following  remarks  on  these  two  classes  of 
wine  will  doubtless  be  read  with  interest  : 

About  one-fifth  of  the  entire  shipments  of  so-called  sherry  wine 
from  the  Cadiz  district  consists  of  low  and  spurious  compounds  mixed  in 
Spain,  and  worth  in  Cadiz  from  $50  to  $100  per  butt  of  30  arrobas,  say,  net, 
100  gallons.      About  two-fifths  consist  of  ordinary  sherry,  worth  from 
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1 125  to  $^5  per  butt.  About  tbree- tenths  cons! it  of  good  sherry,  worth 
from  ^2*23  to  |»tijO  per  butt^  The  b^liinc^f  one- ten tb,  oonsitfts  of  superior 
aherrj,  worth  from  $350  to  f  1,000  per  butt. 

Tha  best  wines  oome  from  the  district  between  Fort  St  Mary  aod 
JereE^  tbe  tow  grades  from  other  pans  of  Spain.  The  g^rapas  aro  iitei^sed 
with  the  feet,  oaAed  In  iftndals  of  esparto  grass,  and  the  wine  has  an 
eaithy,  tarry  llavor^  which  is  only  tt^miived  fr<im  it  after  doctoring.  The 
epiu  itfus  compounds  uoutaiu  some  of  this  wine*  to  which  are  added  Ger- 
man potaDO-spirits,  water,  molasses,  litharge  and  other  a^lulteratious.  It  is 
thesta  two  last  grades  of  wine  tiiat  the  British  chielly  sell  and  Americans 
buy.  Indeed  w©  buy  from  the  British  if  even  we  buy  in  Cadiz  ;  for  there 
a  large  portion  of  the  houses  engai^ed  in  the  trade  are  English*  The 
wines  are  entered  at  our  cust-om-housei*  2^  containing  leas  than  2%  per 
cent,  of  akohol ;  while  they  really  often  contain  40  per  cent. 

There  are  four  substances  generally  used  in  the  m an nf aoture  of  sherry. 
First,  gypiium  ;  »ecoad,  a  coloring  substance  ■  third,  a  aweetening  sub- 
stance  ;  fourth^  a  i:ipirituous  substiince.  It  has  already  been  stated  bow 
these  adjuncts  are  supplied  to  the  low  grade  sherries ;  it  only  remains  to 
stato  what  substitutes  for  tliose  mentioned  are  used  in  the  preparation  of 
the  niedinm  grades. 

First,  gypsum  ;  second,  color-wane,  or  wine  boiled  down  to  the  consis- 
tency of  sut^ar-house  syrup  ;  third,  sweet  wine,  or  wine  made  from 
raisins  ;  fourth,  brandy.  Wino  made  in  this  manner  is  tolerably  pahita* 
ble,  Alost  of  the  ** crack*'  dry  sherries  belong  to  tkis  class.  They  are 
ijnt^red  at  eur  custom-houtses  aj»  contaimug  not  over  22  per  cent,  of  aloohoL 
They  really  cfontiiin  from  32  to  30  per  cent. 

The  ouly  really  pure  sherry  wine  is  Amontillado,  but  as  every  sort  of 
trash  is  called  Amontillado,  it  u  difficult  for  any  one  but  an  expert  to 
di^^tinguish  the  genuine  article  from  the  spurious.  However,  it  is  pretty 
cafa  to  say  that  little  or  none  of  it  comes  to  the  United  States. 

Amontillado  is  not  always  the  product  of  desigti.  The  quantity  made 
in  Spain  is  quit«  small,  and  the  wine  often  the  result  of  accident.  To 
make  this  wine,  the  fruit  is  gathered  some  weeks  earlier  than  for  other 
sherries.  The  grapes  afo  trodden  by  |>easants  with  wooden  sabots  on 
their  feet.  The  wine  is  then  allowed  to  ferment  for  two  mouths  or  more, 
when  it  Is  racked  aud  placed  in  depositories  abi>ve  grouud.  Of  a  hundred 
butts  but  two  or  three  may  turn  out  Amontillado,  This  Amontillado  is 
neither  the  product  of  particular  vineyards,  nor  always  the  result  of  a 
careful  or  Sfiecial  mode  of  treatment,  but  the  unaccountable  offaiirlng  of 
several  modes  of  treatment  before,  during  and  after  fermentation.  Fair 
Amontillado  (by  no  means  the  best)  is  worth  in  Cadiz  $1,50  to  f  2  a  bottle. 
It  probibly  cattuot  be  purchased  iu  the  United  Htates  at  tuiy  priee.  There 
IB  not  a  drop  of  sLiints  added  to  it,  aud  no  sherry  wine  contaiuiug  foreign 
alcohol  can  be  Amontillado, 

I  am  assut^d  by  the  Spauish  Consul  at  Philadelphia  that  a  very  coa> 
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siderable  proportion  of  the  so-called  French  claret  wines,  mostly  the 
lower  grades,  are  compounds,  made  of  Spanish  wines,  imported  chiefly 
at  Cette.  These  wines  are  mixed  with  water,  cheap  spirits,  a  purple-col- 
or.ng  matter,  and  some  other  substances.  They  are  then  bottled,  labeled 
with  high  sounding  names  and  exported  to  all  parts  of  the  world  as  Bor- 
deaux wines.  In  many  oases  the  adulteration  is  carried  so  far  that  there 
is  scarcely  a  trace  of  wine  in  the  mixture,  and  what  there  is  of  it  is  the 
common  vino  Unto  of  Spain,  worth  about  22  to  28  cents  a  gallon  in  that 
country.  (The  total  value  of  the  37,262,126  gallons  of  this  class  of  wine 
exported  from  Spain  in  1873  was  $8,467,785.) 

The  following  table  shows  the  quantities  of  wines  exported  from  the 
Peninsula  of  Spain  and  the  Balearic  Isles  during  the  years  1872  and  1873  : 


Exportations  of  Domestie  Wines  from  Spain  in  the  Calendar  Tean  1972 
and  ISlZfreepeetively. 


Class  of  Wines. 


1872. 
Gallons. 


White  wines 

Common  wines 

Ditto  of  Catalonia 

.Terez  (sherry)  wines 

Malaga  wines 

Rich  wines  (generosos)  from  various  parts 

Total 


1873. 
Gallons. 


1,250,158 

24,564,686 

2,645,482 

9,120,889 

566,504 

48,001 


88,190,165 


1,409,110 

87,262,126 

2,718,088 

14,840,609 

815,998 

120,518 


56,661,444 


Breadstuff 9. — This  trade  has  increased  enormously.  Since  the  pro- 
hibition to  export  breadstuffs  was  removed  in  1865,  the  shipments  from 
Spain  liave  increased  over /our  times,  or  from  about  5,250,000  bushels  of 
wheat  and  flour  to  about  28,000,000  bushels. 


Table  Showing  the  Exports  of  Wheat  and  Wheat  Flour  fbom 

Spain  : 


Year 

Flonr. 

Wheat. 

Total. 

Year. 
1867 

Floor. 

Wheat. 

ToUl. 

Ponnds 

Poundt. 
No  daU. 

Poands. 
96,800,000 

Poands. 
110,074,800 

Poands. 

Poands. 

1800 

96,800,000 

96.256,000'     205  880,800 

1861 

160,600.000 

*• 

160,600.000 

1868 

43,434,600 

6,040,000 

48.474,600 

1802 

94,600,000 

»( 

94,600.000 

1809 

No  data. 

No  daU. 

^odats. 

1863 

84,620.800 

4,043,040 

88,663,840 

1870 

*' 

tt 

** 

1804 

78.234,200 

2,430.300 

80,664.600 

1871 

it 

tt 

tf 

1865 

87,687,600 

35,940,000 

123,627,600 

1872 

228,086,000 

250.382.000 

478,418,000 

1866 

167,312,260 

147,836,000 

314,648,200 

1873 

441,540,000 

931,480,000  1,3730,20,000 

The  exports  of  breadstuffs  other  than  wheat  or  flour  are  unimportant. 
The  following  tables  gives  the  details  for  the  year  1872  and  1878  : 
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Table,  sbowing  the  Exports  of  various  Grains  and  Legumes  from 
Spain,  in  the  Years  1872  and  1873,  respectively: 


Breadstuffs. 


Rice 

Oats 

Barley 

Rye 

Soup  pastes 

Carob  beans 

Garbanzos  (large  chick  peas) . 

Beans 

French  or  Kidney  beans 


Total 64, 246, 594 


1872. 

POUNDS. 


10,934,605 
3,472,341 

11,802,479 
6,394,923 
5,139,497 

16,881,755 

7,576,205 

646,676 

1,338,113 


1873. 
pounds. 

10,441,506 
6,174,870 
6,389,007 
4,033,663 
4  723,532 
8,783,780 
7,885,100 
1,255,465 
1,571,123 


51,258,046 


The  imports  into  Spain  consist  at  the  present  time  chiefly  of  tropical 
products  and  northern  manufactures.  Breadstuffs,  chiefly  wheat  and 
maize,  are  only  imported  in  years  of  scarcity.  The  following  are  the 
imports  of  breadstuffs  in  tlie  year  1872  and  1873,  respectively  : 


Breadstuffs. 


Wheat 

Other  grain. 
Flour 


1872. 
pounds. 


62,473,022 
17,002,228 
10,179,207 


1873. 
pounds. 


154,000 

4,509,090 

153,000 


Mining. 


The  revival  of  mining  in  Spain  dates  from  the  decree  of  Ferdinand 
Vir.,  of  July  4,  1825.  (Br.  C.  R.,  1808-5,  299.)  That  this  judgment 
must  be  well  basei  is  very  evident  from  the  degree  of  progress  shown  iu 
the  following  tables.  The  statement  for  1780  is  from  Hoppensack,  quoted 
by  Macgregor.  Those  for  late  years  are  from  the  Br.  Con.  Rep.,  1807-8, 
500,  the  U.  S.  Monthly  Stat.,  Mar.,  1870,  and   U.  S.  Com.  Rel.,  1873,  904. 

Table  showing  the  number  of  metrical  tons  o/ (2,200  pounds  each)  of  Ore 
raised  in  Spain  during  the  years  named. 


1 
Year. 

Iron. 

Lead. 

1  Argentiferous  ' 
:          Lead.        j 

1780 

9,000 

1,000 

' 

1860 

175,503 

320,003 

1 

1801 

130,259 

301,104 

180^ 

213,192 

281,202 

1803 

212.070 

313,851 

1 

1804 

253,120 

274,589 

25,111 

1865 

191,084 

271,318 

19,323 

1860 

180,131 

207,494 

1       21,312 

1870 

430,586 

318,985 

!       33,248 

Silver. 


4,230 
3,005 
2,523 
3,000 
1,818 
1,125 
1,704 
2,079 


Copper. 

15 
224.152 
240,011 
313,913 
343  1:^1 
213.389 
273,184 
279,527 
395,095 
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Vw. 

TllL 

Zlno. 

1780 

u.. 

1S5 

ISftO 

108,80S 

1801 
1862 
18ft3 

1';.'! 

34,743 
41,t04 
48pl34 

1904 

,   m 

80,233 

1865 

1    03 

7(USS 

18011 

80 

7S,423 

1870 

!    28 

113,583 

900 

lS,2r>4 
27,441 
20,304 
19,«00 
16,425 
18,547 
23,744 


Phoq^onii, 


12,800 

9,304 

27,978 


AniJz&Oitr. 


300 

74 
SO 

80 


38^808 
14,071 
6,459 
14,800 
22.240 
24,8ft4 
39,024 
10,82S 


Year. 


1780 
1860 
1861 
1862 
1863 
18d4 
1865 
1866 
1870 


Alkali. 

Alam. 

Sulphur. 

Coal. 
(1868, 170,000) 

lagnite. 

Asphaltom 

17,557 

23.045 

321.773 

1*7,623 

11,601 

23,148 

831065 

22,292 

5.022 

12,639 

360.246 

28,096 

8,090 

11,982 

401,301 

50,302 

11,822 

8,179 

9,788 

387,904 

88,529 

3,825 

7,667 

9  044 

10,708 

461,396 

34.455 

795 

9,912 

7,588 

16,242 

393,105 

39.559 

2,668 

7976 

13,250 

15,156 

621,847 

40,095 

478 

The  Dumber  of  metrical  tons  of  Salt  produoed  in  the  Government  Salt 
Mine  was  as  follows  * 


Year. 


1860 
1801 
1803 


Met.  tons. 


391,692 
201,775 

182,208 


Year. 

Met  tons. 

1863 
1869 
1870 

187,271 

170,000 

37,917 

The  number  of  producing  Mines  of  all  kinds  throughout  Spain  and  the 
laborers  and  steam  engines  employed  therein  are  as  follows  : 


Year. 


1860 
1861 
1862 
1H63 
1864 
1805 
1H60 
1870 


Number  of  mines. 

Number  of  la- 
borers. 

1,988 

33,297 

1,795 

33,603 

1,386 

36,6a5 

1,594 

35,801 

1,842 

37,201 

1,912 

37,515 

2,283 

38,483 

3,381 

♦  41.010 

Number  of  steam 
engines. 

39 
51 
52 
64 
76 
80 
94 
148 


It  needs  but  a  cursory  glance  at  these  tables  to  perceive  that  of  late 
years  Spain  has  made  great  progress  in  this  important  branch  of  her  na- 
tional industries.  Details  of  the  smelting  and  refining  establishments 
for  iron  and  steel,  lea<l,  silver,  opper,  etc.,  none  of  which  nor  their  pro- 
ducts, have  been  included  in  the  above  tables,  will  be  found  in  the 
*  To  wit :  men,  88,277 ;  women,  1,608 ;  boyi,  6,225. 
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U.  S.  Com.  Rel,  for  1873.  For  account  of  power-looms,  see  Br.  Con. 
Rep.,  1867-8,  550 ;  of  fisheries,  U.  S.  M.  8.,  Mar.,  1870 ;  of  manufactories 
in  Catalonia,  U.  S.  Com.  Rel.,  1862,  208 ;  and  1864,  262. 

Product  of  Breadstuffs. 

The  accounts  of  this  product  which  have  appeared  from  time  to  time 
vary  so  considerably,  both  as  to  total  amounts  and  details  that  it  is  very 
difficult  to  reconcile  them. 

The  earliest  account  relates  to  the  last  half  of  the  seventeenth  century 
and  is,  I  believe,  from  Mi^el  Ozorio  y  Redin.  It  states  the  total  product 
of  grain  to  be  120  million  bushels,  two-thirds  wheat  and  rye,  and  one- 
third  barley  and  oats.  The  population  is  believed  to  have  been  at  that 
time  about  seven  and  a-half  millions.  The  product  adduced  would  there- 
fore equal  16  bushels  per  capita  per  annum,  which  seems  excessive.  The 
account  is,  however,  not  to  be  rejected  as  valueless.  The  numbers  of 
the  population  supposed  to  have  existed  at  that  time  are  by  no  means 
certain ;  the  consumption  of  grain  was  probably  greater,  and  of  meat, 
less  than  at  more  recent  periods.  The  account  may  not  relate  to  an 
average  year,  but  an  exceptionally  good  one;  finally,  it  is  to  be  presumed 
that,  though  not  specified,  the  product  of  chestnuts,  dry  legumes  and 
other  substitutes  for  grain,  is  intended  to  be  included  in  the  principal 
articles  mentioned. 

The  next  account,  quoted  by  Macgregor  from  the  "Census  and  Re- 
turns" of  1803,  is  as  follows  : 


Breadstufs — Product  of  Spain  ^  in  1803. 


Wheat 

Barley 

Rye 

Oats,  maize,  rice,  etc. 


I  Hectolitres. 

i 

17,060,000 
8,321,000 


Bushels. 


47,708,000 
23,298,800 
5,626,000;      15,752,800 
3,619,000       10,183,200 


34,626,000!      96,952.890 

We  have  here,  a  total  product  of  some  97  million  bushels  of  grain  for  a 
population  of  some  10,400,000  souls,  an  average  of  about  nine  and  a-half 
bushels  per  capita.  Bearing  in  mind  that  potatoes,  chestnuts  and 
legumes  are  omitted,  I  am  inclined,  for  various  reasons,  to  regard  this  es- 
timate as  substantially  correct. 

Mr.  L.  S.  Sackville  West,  H.  B.,  M.  Secretary  of  Legation  at 
Madrid,  in  reporting  to  his  Government,  under  date  of  July  1, 1865  (Rep. 
Sec.  Leg  ,  1866,  179),  states  that  **fifty  years  ago,  Spain,  say  with  a  popu- 
lation of  10,000,000,  produced  38  million  hectolitres  (106 J  million  bushels) 
of  grain.''     This  statement  corroborates  the  census  and  returns  of  1803. 

An  estimate  for  the  year  1849  appears  in  Mr.  Joseph  Fisher's  work  on 
Food  Supplies  (London,  1866),  and  gives  the  total  product  of  cereals  (omit- 
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ting  maizo)  at  12,584,322  quarters,  or  say  100,674,576  bushels.  Allowing 
20  million  bushels  for  maize  and  two  million  bushels  for  rice,  we  have  a 
total  in  round  6gures  of  123  million  bushels  of  grain.  The  population  at 
that  time  amounted  to  about  13,700,000,  and  the  product  of  grain  was 
therefore  about  nine  bushels  per  capita,  a  proportion  which  appears  to 
be  substantially  correct. 

Says  Mr.  Sackville  West:  "In  1863,  France  produced  ♦  *  ♦  and 
Spain  66  million  hectolitres  of  grain."  As  it  is  evident  from  the  context 
and  also  from  the  fact  that  the  cadastral  census  of  Spain  was  taken  in 
1857,  that  that  is  the  year  to  which  Mr.  West  refers  in  regard  to  Spain, 
I  have  taken  the  liberty  to  so  treat  his  statement.  Sixty-six  million  hec- 
tolitres amount  to  184,800,000,  bushels,  and  this,  among  a  population  of 
15,000,000,  amounts  to  an  average  of  about  12^  bushels  each.  If  Mr. 
West's  statement  is  applied  to  the  year  stated,  1868,  when  the  population 
was  a  fraction  over  16,000,000,  the  result  would  be  an  annual  product  per 
capita  of  about  11^  bushels.  From  both  of  these  results  I  am  inclined  to 
believe  that  Mr.  West's  estimate  includes  potatoes,  chestnuts  and  le- 
gumes.   In  such  case  I  regard  it  as  substantially  correct. 

For  the  year  1857  we  have  another  account.  This  was  given  by  no  less 
an  authority  than  the  late  Albany  W.  Fonblanque,  the  accomplished  sta- 
tistician of  the  British  Board  ofTrade,  and  is  published  in  the  Agricultural 
Returns  of  H.  B.  M.  Board  of  Trade  for  the  year  1867.  Ever  since  that 
year  it  has  been  regularly  published  in  the  Returns  as  the  *' estimated 
quantities  of  the  principal  kinds  of  com  and  potatoes  produced  in  Spain," 
and  it  therefore  appears  in  the  A.  R.  for  1874,  over  the  signature  of  Mr. 
A.  R.  Valpy,  Mr.  Fonblanque's  no  less  accomplished  successor.  Not- 
withstanding these  high  authorities  and  the  official  sanction  which  the 
publication  of  the  account  in  such  a  work  conveys,  I  am  compelled  to 
regard  it  as  defective.  It  states  that  Spain  produced  in  1857,  168,140,692 
bushels  of  wheat ;  of  barley  76,427,587  bushels ;  and  of  rye,  24,727,483 
bushels  ;  together,  269,295,762  bushels  of  grain  ;  an  average  of  nearly  18 
bushels  per  capita  of  population,  to  say  nothing  of  maize  and  patatoes, 
which  are  important  articles  of  consumption  in  Spain  ;  nor  of  oats,  rice, 
buckwheat,  millet,  chestnuts  nor  legumes — proportions  that  so  radically 
differ  from  all  other  accounts  as  to  lead  to  the  suspicion  that  error  has 
been  committed  in  the  conversion  of  the  quantities. 

For  the  year  1868  we  have  the  account  laid  before  the  Statistical 
Congress  at  the  Hague,  by  Mr.  Samuel  B.  Ruggles,  of  New  York.  This 
is  as  follows : 

Cereal  product  of  Spain,  with  Balearic  Islands,  in  1868:  wheat,  impe- 
rial bushels,  87,732,150;  rye,  44,427,940;  bariey,  47,731,500;  oats  (included 
with  other  cereals);  buckwheat  and  millet,  22,975,300;  maize,  nil;  rice, 
2,000,000;  total  204,866,890  imperial  bushels.  With  the  exception  of  rye 
which  is  over-estimated,  and  buckwheat  and  millet,  the  estimated  pro- 
duct of  which  ought  to  be  credited  almost  entirely  to  maize,  I  am  inclined 
to  regard  Mr.  Ruggles'  account  as  substantially  correct.    The  total  sum 
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gives  an  average  allowance  of  grain  per  capita  of  about  12^  bushels, 
which  agrees  with  all  of  the  estimates  that  are  regarded  as  reliable. 

For  the  year  1878,  I  have  the  following  very  explicit  and  detailed  ac- 
count, recently  transmitted  to  me  from  Spain  : 

Account  of  the  prodtice  of  Breadstuff s  in  Spain  and  the  Balearic  and  Ca- 
nary Islands  for  the  year  1873. 


Breadstuffs. 


Wheat. 
Barley. 
Rye.... 
Oats... 
Maize. . 


Bushels. 


Bbbadstuffs. 


110,000,000  Rice 

40,000,000  Buckwheat  and  Millet 


Bushels. 


20,000,000 

3,000,000 

25,000,000 


Potatoes . 

Chesnuts 

Dry  Legumes. 


2,000,000 
5.000,000 
25,000,000 
3,000,000 
5,000,000 


Total I      288,000,000 


Reckoning  the  population  in  1873  at  about  17,200,000,  the  result  is  an 
average  of  all  kinds  of  breadstuffs  of  13.8  bushels  per  capita,  and  of 
grain  alone  170,000,000  bushels,  or  about  9.9  bushels  per  capita.  Allow- 
ing 23,000,000  bushels  for  the  export  of  grain,  the  consumption  would  be 
147,000,000  bushels,  or  8.5  per  capita. 

I  am  inclined  to  believe  that  this  account,  though  it  agrees  very  well 
with  those  relating  to  previous  years,  underrates  the  true  product 
of  Spain,  though  perhaps  only  to  a  small  extent.  Altogether  it  is  the  best 
account  we  have,  and  must  be  taken  as  an  exponent  of  Spain's  present 
capacity  to  produce  breadstuffs  until  a  more  definite  account  can  be  ren- 
dered. Grouping  together  such  of  the  preceding  accounts  as  seem  reli 
able,  we  have  the  following  comparative  results  : 
Comparative  Estimate  of  the  Breadstuffs  product  of  Spain 
AT  Various  Periods. 


Year. 


1803 
1849. 


Grain. 
BuMhels. 


I       nut»  and       i  ^^tal  Breads 
.       Legumet. 
I        Bushels. 


I 


.    -  Population. 

\heU         Approximative 


Bushel: 


10,400,000 


97,000,0001 1 

123,000,000 13,700,000 

ia57 I ;    184,800,000  15,000,000 

1868 205,000,0001 | '  16,700,000 

1873 1— ••'    203,000,000'      33,000,000!    238,000,000!  17,200,000 

These  results,  in  the  transcendantly  important  department  of  agricul- 
tural production,  show  the  same  remarkable  advance  during  the  past 
twenty  years  as  has  already  been  noticed  in  other  respects,  and  fully 
establish  the  claims  set  forth  at  the  outset  of  this  paper. 

It  will  perhaps  be  noticed  that,  except  as  to  exports  in  the  year  1873, 1 
have  taken  no  notice  of  the  imports  and  exports  of  breadstuffs.  The 
reason  for  this  was  that  among  the  periods  under  review  relating  to  agri- 
cultural production,  1873  was  the  only  year  in  which  the  foreign  com- 
mercial movement  of  breadstuffs  appeared  worthy  of  note. 
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GRAVITATING  WAVES. 

By  Puny  Earls  Cuase, 

PaoFEssoB  OP  Physics  in  Haverpord  College 

{Read  before  the  American  Philosophical  Society f  January  1»<,  1875.) 

Ill  my  various  discussions  of  luminous  and  gravitating  harmonies,  I 
have  shown  many  slight  discrepancies,  between  theoretical  and  observed 
results,  which  are  of  the  same  order  of  magnitude  as  planetary  orbital 
eccentricities.  Although  it  would  be  unreasonable  to  look  for  any  speedy 
and  complete  solution  of  those  discrepancies,  I  think  it  right  to  try  such 
questionings  of  nature,  as  seem  likely  to  lead  to  a  fuller  understanding 
of  the  common  laws  of  molar  and  molecular  force. 

The  hypotheses  of  Newton  and  Le  Sage  seem  necessarily  to  involve  a 
repellent  action  of  the  sethereal  waves  between  two  bodies  or  particles, 
as  well  as  a  centripetal  appulsion  by  the  exterior  waves.  If  the  ratio  of 
these  activities  is  discoverable,  it  seems  reasonable  to  look  for  it  in  the 
relative  positions  and  motions  of  the  three  controlling  bodies  in  the  prin- 
cipal subdivisions  of  our  system, — Sun,  Earth,  and  Jupiter. 

In  the  simplest  form  of  gravitating  or  other  central  revolution,  the 
tangential  **  lines  of  force ''  arc  continually  deflected,  by  radial  centrii)etal 
waves,  so  as  to  form  a  system  of  semi-circular  undulations.  The  velocity 
of  circular  orbital  motion  communicated  by  any  central  force  being  repre- 
sented by  i*adius,  (or  twice  the  virtual  centripetal  appulsion),  the  length 
of  the  aggregating  radial  wavd^ :  the  length  of  the  deflected  semi-circular 
wave  :  :  1 :  r.  But  the  length  of  the  wave  of  dissociation  *  :  the  length 
of  the  limiting  wave  of  aggregation  :  :  2  :  ::^  Combining  these  propor- 
tions, we  find  that  the  length  of  the  dissociating  or  repelling  wave  :  the 
length  of  the  primitive  wave  :  :  2  :  ?:*,  or  :  ;  .0645  :  1.  If  the  repulsion 
of  the  surfaces  of  two  bodies  from  their  common  centre  of  gravity  is 

2 
-3-  of  the  appulsion  towards  the  centre  of  gravity,   the    distance  of 

the    common    centre    of  gravity   from    the    principal    centre  of  mass 

The  mean  distance  of  Jupiter  from  Sun  being  1117.87  r,  the  mass  of 
(Sun  -:-  Jupiter)  should  be,  to  accord  with  this  hypothesis,  1117.87 
-f-  1.0645  ■-=  ia50.14. 

I  have  already  shown  that  the  limit  of  dissociating  velocity  (Vq)  for 
Jupiter  and  Earth,  corresponds  to  the  limit  of  planetary  velocity  for  Sun, 
thus  indicating  an  eiiuality  of  radial  and  tangential  action,  such  as  we  might 
reasonably  have  anticipated.    If  we  adopt  Cornu^s  determination  of  the 

*  Proo.  Am.  Assoc.,  Hartford  Meeting,  1874 ;  Am.  Jour.  Sol.,  **  Velocity  of  Primitive  Uo- 
dulatlon/'  Nov.  1874. 
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velocity  of  light,  so  as  to  derive  all  our  data  from  observations  which  are 
always  susceptible  of  verification,  we  find  the  following  accordances. 

I.  For  Earth: 

2_  ^    _^r  _    15851 


660^.46 

per  h. 

24,950^.2 

it    ii 

942,545^^ 

(C       n 

64,302^ 

It    »< 

/  32X7925.5      ^^^ 
^-^2^=:^      9^^— X3600 

V    =  ^-=  vl    __  32X43200X3000  _ 

'         3 5^80 

«'o"^v/2i4.86~approx .  Solar  i/gr  at  ©  == 

Multiplying  by  8766    and  dividing  by  2"  we  get,  for  an  approximate  ep- 

tiraate  of  Sun's  distance,  89,711,000^  («). 

The  distance  corresponding  to  Comu's  estimate  of  the  Solar  parallax 
(8".86)  is  (206264.81  h-  8.86)  X  3962.75  =  92,255,000  ^  (/5). 

Dividing  (/9)  by  (a)  we  obtain  1.0284,  which  is  nearly  equivalent  to 
v/ 1.0645.*  Therefore  Vq  for  Earth  is  nearly,  if  not  precisely,  equivalent 
to  planetary  velocity  in  a  circular  orbit  at  the  centre  of  gi-avity  of  Sun 
and  Jupiter. 

II.    For  Jupiter  : 

The  uncertainty  of  the  elements  in  this  case  precludes  the  possibility  of 
any  minute  verification  of  hypothesis,  but  it  is  evident  that  the  point  at 
which  the  gravitating  waves  must  act,in  order  that  the  dissociating  velocity 

of  Jupiter  f  u^,  =  ^  j  may  equal  the  limit  of  planetary  velocity,  must 

be   at  or  near  Jupiter's  surface.     For  the  mass  of  (Jupiter  ~  Earth) 

■■=   iTv^TTT^    -4.432    l%^^  =308.92.  The  apparent  diameter  of  Jupiter 

is  variously  estimated,  from  3'  13''  to  3'  25".5  at  Earth's  mean  distance 
from  Sun.  Dividing  by  2X8".86,  we  find  for  diameter  (^  -:-  0) 
10.89  @  11.60,  and  for  ^  (^  -:-  ©)  2.3  @  2.6.     The  estimates  for  the 

time  of  rotation  (t)  vary  between  17700*^^*  and  17880**^* 
Therefore  : 

v^  =  ^^.=  gt  (^^^^^^-)=888,219  @  1,014,283^  per  h.    The  geometri- 
2  5280 

cal  mean  of  these  possible  extreme  values,  differs  from  the  value  found 
for  Earth  by  only  7-10  of  one  per  cent.  The  other  planets,  both  of  the 
Jovian  and  of  the  Telluric  belt,  would  all  be  dissipated  and  absorbed  in 
their  primaries  before  they  had  attained  the  dissociating  velocity  of  Jupi- 
ter and  Earth.  This  intimate  dependence  of  planetary  aggregation,  dis- 
sociation, and  rotation,  upon  Solar  attraction,  and  the  dependence  of 
Solar  aggregation,  dissociation,  rotation,  and  planetary  revolution  upon 

♦  ,/'l^5  =  1.0317. 
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the  velocity  of  light,  therefore  point  to  the  same  unity  of  force  as  has  been 
indicated  by  the  modem  researches  in  heat,  electricity,  and  magnetism. 

III.  For  light  and  Terrestial  Gravity  : 

If  ^  =  equatorial   gravitating  velocity,   and  <  =  a   sidereal    year, 


gt  _:-  a'I  -f =  365.256  X  86400  -j-  5280  h-  y  1.0645  =  185,380  m  per 

second.  This  corresponds  to  the  velocity  of  light,  giving  a  Solar  distance 
of  497.83  X  185,380  =  92,287,700  miles. 

VI.  Wave  Lengths : 

The  primary  radius,  1.0645X92,255,000X63360  -^-  214.86  =  28,959,800,- 
000  inches.    Dividing  by  the  number  of  wave-lengths*  in  radius,  66456 

(10,",we  find  for  the  value  of  one  wavelength,  u  =55^1  oi  *^'     '^^^  radial 

«<o(l  Lux 

waves  should  be  accompanied  by  deflected  tangential  waves  of  three 
kinds,  viz.  : 

1.  w.^   =   — u  =  145809*^-  =  wave  of  simple  rotation. 

2.  w^  =  Trt^  =  ■..^^».*'^«  =  wave  of  circular  orbit. 

72934 

3.  Wq  =  2,tW  =  ,,.  ::r^  in,  —  wave  of  virtual  fall  doing  work  =  Solar 

36467 

orbital  wave  =  4  tr^. 

According  to  Eisenlohr,f  the  wave-lengths  in  the  diffraction  spectrum 
are  as  follows : 

Upper  actinic  WSSO  *''*• 

i 

Lower  actinic,  or  upper  luminous. 


71940 

Lower  luminous,  or  upper  thermal,  6i^iir,K^^* 

8o970 

V.   Miscellaneous  : 

Among  other  note- worthy  accordances  in  this  connection  are  the  fol- 
lowing : 

1.  The  approximate  equality  of  3Iass  (11 -^  Q)  to  distance  fallen 
through  in  (time  of  fall  to  centre  -^  time  of  circular  revolution). 

2.  The  equality  of  orbital  vis  vioa  in  Jupiter  and  Saturn. 

3.  The  equality  in  the  ratio  of  orbital  tis  viva  (*sp  -^  S)  ^^  the  ratio 
of  orbital  to  radial  waves  {w  :-  w). 

4.  The  connection  of  Sun's  radius,  modulus  of  light,  and  the  limits 
of  the  planetary  system  ;  the  velocity  of  planetary  revolution  and  Solar 

rotation  being  equal  at  37  Q  >  ▼•  ^^  revolution  at  37  t|^  (^^-s- )  "■  V.  of 
rotation  at  \} . 

5.  The  stellar-solar   parabola,  between  a  Centauri  and  Sun,  and  its 
relations  to  the  planetary  distances. 

*  Loe.  at.     t  Am.  Joar.  So.  [2]  xxll,  400. 
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AN  OBITUARY  NOTICE  OF  MR.  JOSEPH  HARRISON,  JR. 

By  Coleman  Sbllbrb« 
{Read  bef<n'e  the  Aimricnn  Philosophical  Society,  February  19,  1875.) 

WhoD  we  review  the  life  of  any  promiuent  individaal  and  attampt  to 
analyze  the  motives  that  seem  to  h  we  actuated  him,  and  which  may  have 
led  to  his  success,  we  can  scarcely  avoid  noting  a  resemblance  to  other 
lives  ;  we  find  the  same  results  following  the  same  general  course  of 
action  in  aU.  This  orderly  sequence  of  events  leads  us  to  think  we  are 
subject  to  some  fixed  law,  with  which  law  seemingly  accidental  causes 
may  interfere  to  give  endless  variety  in  detail,  yet  not  materially  to  alter 
the  result.  That  the  good  and  .obedient  son,  the  industrious  apprentice, 
the  faithful  workman,  should  in  time  grow  to  be  the  much-respected  and 
influential  citizen,  s(*ems  sot  natural  and  orderly  that  life  in  such  a  case 
appears  as  if  ''  it  was  a  sum  duly  cast  up  giving  results  in  particular 
figures." 

In  rendering  tribute  to  the  memory  of  our  late  associate,  Joseph  Harri- 
son, Jr.,  by  reviewing  the  prominent  events  of  his  life  and  recording  the 
results  accomplished  by  him,  the  high  position  held  by  him  in  his  latter 
days  demands  a  careful  consideration  of  the  orderly  growth  of  a  life 
which  had  its  beginning  in  the  enforced  economy  and  habits  of  industry 
of  the  apprentice  and  in  a  few  years  of  home  training. 

So  far  as  any  chronological  record  of  his  life  is  needful,  the  task  you 
have  honored  me  by  imposing  on  me  is  rendered  easy  by  his  own  fore- 
thought in  presenting  to  his  children  a  well-written  autobiography  so 
clear  and  precise  in  its  narrative  that  it  is  difficult  to  avoid  the  use  of  his 
own  words  in  giving  here  the  outline  of  his  life.  Previous  to  the  War  of 
Independence  Mr.  Harrison's  ancestors  seem  to  have  been  well-to-do; 
but  his  grandfather,  who  was  a  large  land-holder  in  New  Jersey,  entered 
the  army,  and  afterwards  neglecting  his  personal  affairs,  died  in  1787, 
leaving  but  little  for  his  family.  His  son,  Joseph  Harrison,  was  sent  to 
Philadelphia  when  fourteen  years  old,  and  was  employed  by  Mr.  Charles 
French,  grocer,  whose  daughter  he  married  in  1803.  He  seems  to  have 
been  unfortunate  in  business,  and  the  subject  of  this  memoir  was  born, 
as  he  says,  in  the  dark  hours  of  his  family  history.  This  was  on  Septem- 
ber 20th,  1810,  so  that  Joseph  Harrison,  Jr.,  was  68^  years  of  age  at  the 
time  of  his  death,  March  27th,  1874. 

In  his  youth  he  seems  to  have  been  fond  of  reading  the  few  books 
at  his  command,  and  very  early  he  evinced  a  strong  inclination 
towards  mechanical  pursuits.  Following  this  bent  after  what  schooling 
he  could  obtain  before  he  was  fifteen  years  old,  he  was  at  that  age  inden- 
tured to  Frederick  D.  Sanno,  in  the  old  district  of  Kensington,  to  learn  the 
art  and  mystery  of  steam  engineering.  In  about  two  years  the  failure  of 
Mr.  Sanno  canceled  his  indentures.  He  considered  the  change  that  this 
necessitated  a  good  thing  for  himself,  as  he  was  then  enabled  with  some 
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experience  to  enter  a  better  shop  upon  more  advantageous  terms.  His 
second  employer  was  **  an  uneducated  Englishman,  but  a  very  good  work- 
man," and  in  his  shop  he  soon  became  more  proficient,  and  at  the  age  of 
twenty,  before  he  was  yet  free,  he  was  made  foreman  of  part  of  the  establish- 
ment and  had  under  him  thirty  men  and  boys.  At  the  expiration  of  his 
apprenticeship  to  James  Flint,  he  continued  with  the  firm,  then  Hyde  & 
Flint,  for  one  year,  and  left  them  to  take  employment  with  Philip  Gar- 
rett, a  (Quaker  gentleman,  who  had  a  small  shop  for  the  manufacture  of 
**  small  lathes,  presses  for  bank-note  engravers  and  the  like."  He 
remained  with  Mr.  Garrett  until  1833,  then  went  to  Port  Clinton,  Penn- 
sylvania, to  start  a  foundry  for  Mr.  Arundus  Tiers,  with  whom  his  father 
was  engaged  as  accountant.  This  was  the  end  of  the  varied  experience 
as  a  mechanician  preceding  his  career  as  a  constructer  of  locomotives.  In 
1834  he  was  employed  by  William  Norris,  then  engaged  with  Colonel 
Long  in  building  locomotives  (the  design  of  the  latter-named  gentle- 
man). Here  he  obtained  his  first  insight  into  that  branch  of  the  mechanic 
arts  that  was  afterwards  to  be  his  life-work.  He  seems  to  have 
considered  this  part  of  his  mechanical  education  as  of  a  negative 
character,  as  he  said  "he  had  been  schooled  in  the  midst  of  fail- 
ures," so  that  when  in  1835  he  was  engaged  by  Messrs.  Garrett  & 
Eastwick  as  foreman,  and  was  intrusted  with  the  designing  of  the 
locomotive  "Samuel  D.  Ingham,"  he  endeavored  to  avoid  what  he 
believed  to  be  "  the  errors  with  which  he  had  been  made  familiar." 
This  engine  was  considered  a  success,  and  led  to  the  construction  of 
others  like  it.  On  December  15,  1836,  he  married  Miss  Sarah  Poulterer, 
whom  he  had  met  in  Now  York  in  January,  1835.  After  his  maniage,  in 
1837,  he  became  a  partner  in  the  firm  of  Garrett,  Eastwick  &  Co.,  invest- 
ing Uis  skill,  the  only  capital  he  had,  in  the  venture.  In  1839,  when  Mr. 
Garrett  retired  from  business,  the  firm  took  the  title  of  Eastwick  &  Harri- 
son. In  1840,  he  designed  an  engine  at  the  request  of  Mr.  Moncure 
Robinson,  of  the  Reading  Railroad.  This  engine,  named  the  **  Gowan  & 
Marx,"  "proved  to  be,  for  its  weight  (eleven  tons),  the  most  efficient 
locomotive  for  freight  purposes  that  had  been  built  anywhere. "  This  event 
seems  to  have  been  the  turning  point  in  his  life,  for  two  Russian  Engineers, 
Colonels  Melnekoff"  and  Kraft,  were  in  America  at  that  time  studying 
the  railway  system  of  this  country.  They  saw  this  engine  and  were  so 
well  i)leased  with  its  operation  that  they  procured  tracings  from  the 
drawings  of  it,  and  took  them  to  Russia.  This  style  of  engine  seems  to 
have  been  adopted  by  the  authorities  in  Russia,  and  Mr.  Harrison  was  in- 
vited to  visit  that  country,  money  being  forwarded  to  defray  his  expenses. 
He  was  cordially  received,  and  in  1843,  in  association  with  bis  part- 
ner, Mr.  Eastwick,  and  Mr.  Thomas  Winans,  of  Baltimore,  he  concluded 
a  contract  with  the  Russian  Government  to  build  the  locomotives  and 
rolling  stock  for  the  St.  Petersburg  and  Moscow  Railway.  This  contract 
amounted  to  three  million  dollars  ;  the  work  to  be  done  in  five  years,  it 
being  conditioned  that  all  the  work  should  be  done  in  St.  Petersburg,  by 
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Hassian  workmen  or  such  as  could  be  hired  on  the  spot.  It  was  at  this 
critical  period  of  his  life  that  he  experienced  the  advantages  of  his  early 
training.  The  great  work  was  to  be  carried  on  in  a  land  where  every 
kind  of  corruption  was  the  rule ;  where  all  the  subordinate  officials  of  the 
land  fed  and  fattened  on  the  commissions  collected  from  those  who  had 
contracts  with  the  Government.  The  payments  were  to  be  made  as  the 
amount  of  work  completed;  inspectors  were  to  examine  into  the  work  done, 
and  report  as  to  the  correctness  of  the  monthly  statements.  The  inspectors, 
for  a  pecuniary  consideration,  were  ready  to  endorse  any  statement,  no 
matter  how  false,  yet  would  threaten  annoyance  if  they  were  not  bribed. 
This,  added  to  the  trouble  of  working  inexperienced  hands,  made  the 
task  of  the  contractors  the  more  difficult.  Mr.  Harrison  had  been  told  by 
Count  Bobrinski  that  the  officials  would  wear  them  out  long  before  the 
term  of  their  contract  was  ended.  The  Count,  meeting  him  in  after  years, 
spoke  of  the  conversation  and  said  the  success  of  the  American  contractors 
had  been  a  mystery  to  every  one.  They  did  not  understand  how  that  con- 
tract and  subsequent  ones  could  have  been  carried  out  without  resorting 
to  the  usual  practice  of  doing  Government  work  in  that  country.  In 
their  efforts  to  act  fairly  and  honestly  in  their  work  they  seem  to  have 
been  upheld  by  all  the  higher  officei*s,  and  their  course  won  the  confidence 
and  approval  of  the  Emperor  himself,  who  was  a  careful  observer  of  the 
work  as  it  progressed.  In  all  of  3Ir.  Harrison's  successes  under  these 
many  difficulties  his  character  as  a  cautious,  prudent  and  strictly  upright 
man  was  manifest,  and  was  clearly  the  outgrowth  of  his  early  training. 
The  confidence  inspired  led  to  other  contracts,  as  in  1850  to  one  to 
maintain  the  moveable  machinery  of  the  road  already  equipped  by  them 
for  the  term  of  twelve  years.  This  contract  bears  date  August  25,  1850, 
and  the  parties  to  it  were  Messrs.  Joseph  Harrison,  Jr.,  Thomas  Winans 
and  Wm.  L.  Winans,  the  latter  having  purchased  Mr.  Eastwick's  interest 
in  the  contract  of  1843,  previous  to  its  completion.  As  an  evidence  of  the 
Imperial  favor,  valuable  diamond  rings  had  been  given  to  the  members  of 
the  firm,  and  Mr.  Harrison  was  made  the  recipient  of  the  ribbon  of  the 
Order  of  St.  Ann,  to  which  was  attached  a  massive  gold  medal,  upon 
which  was  inscribed  in  the  Russian  language  the  words  "For  zeal.'^ 
This  honor  was  conferred  upon  him  at  the  time  of  the  completion  of  the 
bridge  across  the  Neva,  accomplished  by  the  firm  during  the  time  of  the 
first  contract,  which  had  been  extended  one  year  for  this  purpose.  Dur- 
ing Mr.  Harrison's  residence  abroad  he  seems  to  have  noticed  with  inter- 
est the  elTect  of  the  art  galleries  on  the  working  people,  and  when  he 
returned  home  he  at  all  times  advocated  the  foundation  of  public  art 
museums  open  to  the  people  at  all  times,  and  was  active  in  the  establish- 
ment of  one  in  our  Park.  He  frequently  expressed  his  opinion  of  the 
need  of  art  culture  in  improving  the  taste  of  artisans  and  rearing  among 
us  competent  designers.  An  appreciation  of  the  beautiful  prompted  him 
to  collect  about  him  many  paintings  and  other  works  of  art,  which 
served  to  beautify  the  home  he  soon  built  for  himself  in  his  native  city. 
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It  was  in  1852  that  he  retamed  from  abroad  and  located  himself  in  Phila- 
delphia to  enjoy  the  rest  from  active  business  cares  needful  after  his 
many  years  of  labor.  The  ample  means  that  had  rewarded  his  enter- 
prise abroad  enabled  him  to  gratify  his  taste  foi*  art  and  later  to  do  good 
service  to  the  world  in  his  crowning  achievement  yet  to  be  alluded  to— 
his  safety  steam-boiler. 

Soon  after  his  return  to  America  he  built  the  house  which  was  his 
home  for  the  remainder  of  life.  The  planning  and  arranging  of  many  of 
the  seemingly  minor  details  of  this  building  gave  him  pleasing  employ- 
ment for  some  years.  It  was  at  this  time  that  the  writer  became 
acquainted  with  him,  was  made  aware  of  his  mode  of  thought  and  his 
ability  as  a  mechanic.  He  can  bear  testimony  to  the  fact,  of  interest  it 
may  be  to  mechanics  only,  that  hidden  under  the  plaster  of  that  house 
are  very  many  ingenious  devices  to  insure  stability  and  to  economize  space 
by  the  use  of  iron  in  forms  and  shapes  not  commonly  known  to  architects 
at  that  time.  These  were  special  adaptations  suggested  by  a  mind  fertile 
in  resources,  familiar  with  the  use  of  iron  and  possessed  of  a  knowledge 
of  how  to  form  it  and  use  it  to  good  advantage. 

He  chose  to  invest  much  of  his  means  in  real  estate,  and  numerous  fine 
buildings  which  serve  to  beautify  the  city  were  erected  by  him.  At  one 
time  he  advocated  the  concentration  of  all  the  railroad  termini  at  one  central 
point  in  the  city,  and  to  combine  with  the  depot  commodious  hotel  accom- 
modation. With  this  end  in  view  he  attempted  to  purchase  land,  not  so  much 
as  a  speculative  movement  as  to  render  such  a  plan  possible.  It  is  believed 
that  he  felt  disappointed  when  this  scheme  was  shown  to  be  impractica- 
ble. In  this  connection  it  may  be  well  to  mention  that  in  1860  he 
desired  to  return  to  Europe  with  his  family,  and  upon  the  eve  of  his  de- 
parture he  sent  a  message  to  the  writer  requesting  him  to  call  to  see  him. 
He  then  said  that  he  desired  to  tell  one  who  understood  him  why  it  was 
that  he  was  about  to  leave  so  pleasant  a  home.  He  spoke  of  the  many 
plans  he  had  had  in  view  to  benefit  the  city,  and  said  with  sorrow  that  he 
felt  that  his  motives  had  been  misconstrued,  and  in  some  respects  his 
efforts  had  been  failures  on  this  account.  He  desired  to  go  abroad,  to  be 
absent  for  some  years;  that  while  away  his  plans  should  be  forgotten 
and  when  he  returned  he  could  begin  again  in  some  other  direction. 
Previous  to  this,  in  1858,  he  mentioned  to  his  friends  an  invention  he 
had  made  to  obviate  the  danger  of  disastrous  explosions  in  steam-boilers. 
Starting  with  the  idea  that  the  strength  of  any  structure  is  the  strength 
of  its  weakest  point,  he  aimed  to  construct  a  steam-boiler  built  up  of 
units  of  some  given  strength.  He  claimed  that  a  sphere  of  metal,  say 
of  cast  iron,  might  be  formed  with  its  walls  not  more  than  three-eightha 
of  an  inch  in  thickness  and  of  such  a  diameter  as  would  establish  its 
bursting  pressure  at  may  be  1000  pounds  per  square  inch.  Such  a  sphere 
would  doubtless  be  safe  for  the  pressures  usually  required  by  users  of  high- 
pressure  steam.  He  proposed  casting  these  spheres  in  groups  of  two  and 
four,  uniting  them  in  one  plane  by  curved  necks  and  making  openings  at 
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tigbt-anglei  to  Uiese  uniting  necks  in  the  form  of  half  necks  witli  rebate 
Joints  ti>  raiitch  with  similar  joints  on  tlie  other  groups,  A  group  of  four 
balls  might  be  called  a  unit,  and  a  p.iir  of  balls  a  iialf  unit,  corresponding 
with  'whole  brickie  and  half  bricks  in  building  uaa^re.  Each  of  these  units 
would  possess  a  strength  measured  by  the  sti-ength  of  each  individual 
boU  or  spbera  forming  part  of  the  unit,  and  a  boiler  structure  built  up  in 
any  form  and  to  any  extent  would  have  a  atrongtU  idtfUtical  with  the 
strength  of  each  unit  used  in  its  construction.  As  the  various  groups  of 
balls  were  to  be  held  together  by  bolts  passtug  through  the  opening  from 
end  to  end  of  the  pile,  it  was  presumed  that  these  bolts  would  stretcb 
under  an  unuso&l  strain  and  thus  permit  a  leak  at  the  joint,  so,  uiakiDg, 
as  it  werCj  a  great  many  safety-valves  to  relieve  the  strain.  It  was  of 
primary  impottance  that  the  walls  forming  all  the  sides  of  these  groups 
of  balls  should  be  of  un  if  oral  thickneiiS.  To  accoraplish  tbis  resu*t  4 
knowledge  of  the  founding  art  would  be  needed .  When  Mr,  UaiTison 
presented  this  idea  to  the  publio  he  bad  evidently  eai^fully  considered 
all  tlie  difficulties  that  would  occur  in  the  practical  reaUzation  of  it  and 
In  its  iuti-oduction.  lie  bad  already  perfected  his  plans  and  was  prepared 
to  dii"eet  the  preparation  of  the  patterns  from  which  these  groups  of 
spheres  could  he  cast  of  uniform  tbickness  of  metal,  on  what  is  techui- 
oally  known  as  a  grcen^and  core,  so  that  tko  first  group  or  unit  cast 
was  perfect  in  all  respects.  He  bad  also  matured  a  plan  of  dressing  the 
rebate-joints  in  the  groups  by  machmei7,  thus  insuring  accuracy  of  size 
and  making  the  parts  intcrcbangeable,  without  depending  on  the  skill  of 
the  workman^ 

The  first  boiler  built  on  this  plan  was  tried  in  the  establiabment  of 
Messrs.  William  Sellers  &  Co.,  in  this  city*  It  was  erected  in  the  spring 
of  ia59,  and  for  many  months  supplied  all  the  atcam  needed  in  that 
estahllahment.  To  avoid  M  risk  from  so  novel  an  experiment  the  c^ist 
iron  boiler  was  worked  for  several  months  at  Mr.  Harrison's  own  expense, 
fires  being  kept  untler  the  wroiigbt  iron  boilers  in  readiness  for  use  should 
the  new  one  give  out.  It  may  be  well  to  mention  that  from  that  time  to 
the  present  writing,  ihQm  boilers  have  been  in  oonstaot  use  in  the  same 
place  uuder  aome  of  the  many  forms  afterwards  designed.  The  invention 
of  this  kind  of  safety  boiler  marked  a  distinct  era  in  boiler  construction  ; 
ftnd  whatever  may  ho  the  ultimate  history  of  this  invention,  whether  its 
u^  be  continued  in  future,  or  it  be  superseded  by  other  formst  it  is 
nevertheless  a  well-established  fact  that  its  inception  preluded  all  the 
forms  of  sectional  safety  boilers  now  in  use  which  are  preseDted,  each 
>  with  some  special  claim  for  efficiency,  durability  and  safety.  Mr.  Harri* 
•  mn  did  not  claim  for  his  invention  diminished  first  co»t,  nor  did  he  antici- 
'  pate  any  greater  efiicieney  than  was  ohtaitiable  hy  any  first-class  boiler, 
hot  he  was  sure  of  a  greater  safety  in  the  use  of  high-pressure  wteam  and 
be  thought  that  the  use  of  his  invention  might  render  possible  the  safe 
employment  of  higher  pressures,  if  desirable,  than  was  before  considered 
poasible  with  any  of  the  ordinary  types  of  wronght  iron  boilers « 
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Had  Mr.  Harrison  presented  to  the  world  no  other  work  but  this  his 
life  would  have  been  justly  classed  among  the  benefactors  of  our  race. 
As  it  was,  this  invention  was  a  crowning  achievement  of  a  life  full  of  use- 
fulness. 

Much  of  the  detail  of  the  machinery  needed  to  produce  these  steam- 
generators  was  perfected  during  the  years  he  was  abroad,  between  1860 
and  1863,  he  returning  to  America  in  the  summer  of  the  latter  year. 
After  his  return  he  erected  a  factory  for  the  production  of  his  boiler,  and 
in  the  arrangement  of  this  establishment  he  evinced  mechanical  ingenuity 
of  the  highest  order.  He  introduced  many  novelties  in  the  methods  of 
founding  ;  in  modes  of  cleaning  the  castings  and  in  the  general  system  of 
proving  the  work  when  done.  He  aimed  to  so  systematise  the  work  as  to 
dispense  with  skilled  labor  as  far  as  possible,  using  machinery  in  its 
place. 

As  Mr.  Harrison  had  passed  through  the  various  conditions  of  life 
as  an  apprentice,  as  journeyman,  as  foreman,  and  then  as  principal  in 
his  career  as  a  mechanic,  and  had  achieved  proficiency  as  a  skilled  work- 
man before  the  days  of  modern  machine-toal  and  labor-saving  appliances, 
he  naturally  believed  such  training  to  be  the  proper  one  for  the  youths  of 
our  day,  and  in  a  measure  deprecated  the  practice  of  keeping  young 
men  too  long  at  school  if  they  looked  toward  success  in  the  workshop .  As 
this  was  emphatically  announced  in  public  near  the  end  of  his  useful  life, 
it  may  be  well  to  give  it  more  than  more  mention.  In  the  journey  of  life 
there  are  in  the  memory  of  all  persons  events  which  stand  as  landmarks 
on  the  road  ;  certain  points  that  appear  prominently  in  view  and  are 
remembered  at  all  times  in  their  proper  order.  In  looking  backward 
along  this  road  traveled  but  once,  these  important  events  are  clearly  seen, 
no  matter  how  long  the  road  may  have  been,  and  the  more  distant  ones 
seem  crowded  in  close  proximity,  the  space  between  them  having 
been  lost  to  view,  so  that  the  sum  of  life  seems  made  up  of  the  strongly 
marked  events  only.  If  these  events  lead  step  by  step  towards  affluence 
and  position,  they  must  seem  to  the  traveler  on  that  road  to  have  surely 
marked  it  as  tbe  only  path  that  could  have  led  to  such  results.  Mr. 
Harrison  saw  in  his  early  application  to  the  workbench,  in  his  early  in- 
dustry grown  to  habit,  in  his  enforced  economy  in  boyhood,  the  founda- 
tion of  own  his  success.  He  prided  himself  on  his  skill  as  a  workman,  and 
although  he  ceased  to  work  with  his  hands  when  he  took  control  of  his 
greater  enterprises,  yet  he  felt  that  in  learning  how  to  work  he  had  stored 
his  mind  with  the  knowledge  of  most  use  to  him  as  a  master-mechanic. 
Hence  we  are  not  surprised  to  hear  him  advise  the  need  of  early  appren- 
ticeship to  those  who  desire  to  become  mechanics.  His  expression,  **In 
mechanical  and  other  trades  it  is  the  education  of  the  work  shop  and  not 
the  education  of  schools,  that  is  most  required, ''  was  prompted  by  the  bias 
of  his  own  career,  and  was  strengthened  by  observation  of  the  course  of 
many  others  who,  like  him  have,  from  rough  beginnings,  achieved  distinc- 
tion.    His  life,  like  the  lives  of  those  many  others,  was  a  long  period  of 
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study.  He  pursued  such  knowledge  as  he  needed,  because  he  did  need  it-, 
and  for  its  use  to  him  he  loved  it.  The  varied  incidents  of  his  life  abroad, 
the  persons  with  whom  he  came  in  contact,  aided  his  mental  culture.  His 
manual  skill  secured  his  advancement  in  the  workshop.  The  knowl- 
edge he  needed  was  obtainable  from  daily  observations  only  ;  it  was  not 
written  in  any  book  ;  mere  skill  as  a  workman  would  not  give  him  this 
knowledge,  but  it  did  give  him  opportunities  of  observation,  and  he  was 
ready  to  avail  himself  of  the  fund  of  information  so  collected.  His 
opinion  in  the  matter  of  the  education  of  mechanics  has  weight  and 
needs  careful  consideration.  He  had  but  to  point  to  his  own  care'-r  as  an 
example  to  prove  the  rule  he  laid  down.  There  are  comparatively  few 
of  the  youths  of  the  present  day  who  care  to  go  through  the  years  of 
apprentice  life.  The  tendency  of  all  modem  schooling  is  to  make  trades- 
men of  them,  not  mechanics.  Of  these  few  who  from  strong  inclinations 
would  lead  a  mechanic's  life  but  a  still  smaller  proportion  can  find  places 
in  the  work-shops  of  the  land.  Hence  the  need  of  schools  that  may  take 
the  place  of  these  work-shops  and  give  to  our  young  men  the  very  knowl- 
edge that  Mr.  Harrison  claimed  they  most  needed.  He  did  not  believe 
that  mere  manual  skill  would  insure  success  ;  he  knew  that  much  learn- 
ing was  needed,  but  he  believed  that  knowledge  was  within  the  reach  of 
every  one  who  would  diligently  seek  it.  He  says  of  himself  that  while 
quick  to  learn  at  school  and  was  in  some  branches  at  the  head  of  his  class, 
yet  strange  to  say  he  never  wrote  a  composition  at  school,  and  did  not 
write  his  first  letter  until  after  he  was  twenty  years  of  age. 

So  far  as  technical  education  was  needed  by  him  in  his  career  as  a 
locomotive-builder,  it  must  be  borne  in  mind  that  it  was  in  that  direction 
unobtainable  when  he  most  needed  it.  No  books  wore  yet  written  to  guide 
him  ;  the  locomotive-engine  was  a  new  thing,  railroads  wore  yet  young. 
His  mind  grew  with  the  progress  of  the  art,  and  he  did  his  full  share  in 
that  progi*es8.  Had  he  continued  to  the  end  of  his  life  at  the  same  work  be 
would  have  still  grown  with  his  work,  and  would  doubtless  have  still  been 
a  master-mind  in  that  direction.  But  it  must  be  remembered  that  the  work 
he  did  and  that  others  have  done  in  advancing  tho  mechanic  arts,  makes 
now  more  learning  needed  on  the  part  of  one  wlio  would  take  up  engineer- 
ing as  a  science  at  the  place  where  he  and  they  left  off. 

Towards  the  close  of  his  life,  Mr.  Harrison  turned  his  attention  towards 
recording  some  of  his  th  mghts  and  experiences.  After  writing  some 
verses,  entitled  **The  Iron  Worker  and  King  Solomon,"  intended  for  the 
amusement  and  instruction  of  his  children,  and  designed  to  impress  their 
minds  with  the  *'  value  of  wliat  is  but  too  frequently  thought  to  be  very 
humble  labor,''  he  published  a  folio  volume  of  over  two  hundred  pages, 
containing  this  poem  and  some  fugitive  pieces  accompanied  by  his  auto- 
biography, and  many  interesting  incidents  of  life  in  Russia,  also  all  the 
leading  particulars  of  tho  invention  of  his  boiler.  He  wrote  a  paper  on 
the  part  taken  by  Philadelphians  in  the  invention  of  the  locomotive,  an 
account  of  the  completion  and  opening  of  the  bridge  over  the  Neva  in 
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Russia,  and  a  paper  on  steam  boilers.  lu  all  these  he  showed  considera- 
ble literary  ability  and  fully  sustained  his  claims  to  the  possibility  of 
self-education. 

The  dignity  of  labor  was  a  favorite  theme  with  him,  and  he  held  in 
high  esteem  the  producers  in  the  world's  economy.  He  said  that  when 
he  returned  to  America  he  found  that  undue  prominence  was  given  in 
society  to  mercantile  pursuits  and  an  underrating  of  mechanical  occupa> 
tions.  During  the  year  1859,  he  gave  a  dinner  party  to  fifty  gentlemen, 
who  were  invited  ostensibly  to  hear  a  lecture  by  Dr.  Hays  on  the  Open 
Polar  Sea,  but  planned  in  reality  to  bring  together  certain  persons  in  dif- 
ferent positions  in  life  who  were  representatives  of  different  classes,  and 
who  were  not  well-known  to  each  other.  This  object  was  fully  explained 
by  him  to  the  writer,  and  was  much  dwelt  upon  in  his  mind  at  that  time. 
Ho  said  that  banking  facilities  were  extended  to  merchants  what  were  not 
accorded  to  mechanics ;  that  in  his  early  career  he  had  felt  this  want  of 
confidence  very  keenly,  and  he  earnestly  desired  to  help  place  the  producer 
in  his  proper  place  in  the  opinion  of  the  world  as  to  usefulness.  He  lived 
to  see  a  great  change  in  this  respect  due  somewhat  to  his  own  exertions, 
but  may  bo  more  to  the  enforced  need  of  exactness  of  mercantile  pursuits 
in  the  conduct  of  the  business  of  the  manufacturer. 

His  interest  in  the  fine  arts  was  continued  up  to  the  close  of  his  life, 
and  it  was  known  that  he  desired  to  give  to  his  valuable  collection  some 
permanency,  but  pain  and  suflering  came  upon  him  too  s  >on  and  thus 
suddenly  checked  much  of  his  exertions.  Only  those  who  were  near  to 
him  knew  how  much  he  suffered  during  the  last  few  years  of  his  life,  and 
with  what  patience  he  bore  a  malady  which  he  was  conscious  might  at 
any  time  end  his  life  in  pain  and  suffcnng,  and  of  which  he  yet  hoped  he 
might  be  cured.  It  is  probable  that  his  malady  seriously  affected  him  as 
early  as  1860,  for  a  letter  dated  August  12th  of  that  year,  addressed  to 
him  at  Saratoga  by  his  physician,  says  in  speaking  of  the  cause  of  his 
decease :  ^*I  have  seen  many  cases  of  it  in  my  life  and  they  have  all 
finally  thrown  the  disorder  off."  This,  however,  was  not  to  bo  in  his 
case,  and  the  best  medical  skill  of  the  land  only  gave  him  partial  relief, 
and  five  years  of  great  suflering  were  only  ended  by  the  hand  of  death. 

These  years  of  illness  did  not  prevent  him  from  taking  a  great  interest 
in  all  that  was  going  on  in  the  world  of  art  and  science,  and  he  busied  him- 
self much  in  writing.  He  had  lived  to  see  his  children  grown  up  and 
settled.  He  leaves  behind  him  a  widow  and  six  children — William, 
Henry  and  Annie,  who  was  born  in  this  country  before  he  went  to 
Russia;  Alice  M*Neil,  Marie  Olga  and  Theodore  Lelaud,  bom  in  Russia, 
and  Clara  Elizabeth,  bom  in  America  after  their  return.  In  his  home  Hie 
he  was  an  aflectionate  husband,  a  kind  and  indulgent  father,  and  at  al^ 
times  a  dutiful  son.  The  words  written  by  himself  to  his  family  are  full 
of  love  and  kindness.    His  book  for  their  use  and  comfort  was  dedicated: 
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"To   THEB 

Who  Hast  Been 

Fob  Mobe  Than  Half  My  Life 

My  Tbuebt  Fbiend, 

My  Coukselob, 

My  Wife." 

Dtiring  the  latter  part  of  his  life  he  was  connected  with  the  Protes- 
tant Episcopal  Church,*  and  had  been  a  regular  attendant  at  Divine  ser- 
vioe  at  all  times.  He  made  no  outward  show  of  religious  bias,  but  ever 
bore  himself  as  an  honest,  upright  citizen  striving  to  do  what  was  right. 
His  worth  and  ability  led  to  his  being  asked  to  fill  many  positions  of 
honor  and  trust,  and  he  received  many  substantial  evidences  of  apprecia- 
tion of  his  work.  For  what  he  had  done  in  the  direction  of  safety  in 
steam-boiler  construction  he  was,  on  May  30,  1871,  made  the  recipient  of 
the  great  gold  and  silver  Rumford  medals  by  the  American  Academy  of 
Arts  and  Science  "  for  the  mode  of  constructing  steam  boilers  invented 
and  perfected  by'*  (Mr.  Harrison),  which  "secures  great  safety  in  the 
use  of  high-pressure  steam,  and  is,  therefore,  an  important  improvement 
in  the  application  of  heat." 

Mr.  Harrison  was  elected  a  member  of  this  Association  July  15,  1864; 
signed  the  Constitution  and  was  introduced  to  the  presiding  officer. 
Judge  Sharswood,  Vice-President,  December  2d,  18G4,  having  accepted 
his  membership  by  letter  dated  September  26, 1864.  He  was  also  a  mem- 
ber of  other  learned  societies,  but  with  the  exception  of  few  papers  read 
by  him  he  did  not  take  a  very  active  part  in  the  business  of  any  of  them. 
Of  him  it  cannot  be  said  that  fortune  was  more  kind  than  to  others.  His 
success  was  the  legitimate  outgrowth  of  his  beginning.  There  may  be 
some  who  "  when  they  have  planted  their  feet  on  the  first  rung  of  a  ladder 
must  needs  mount ; "  with  some  the  ladder  of  life  is  an  unbroken  one  and 
to  fall  in  climbing  can  be  but  from  sheer  carelessness.  But  his  life  was 
not  without  many  trials.  There  were  many  missing  rungs  in  that  ladder, 
and  these  gaps,  sometimes  very  wide,  had  to  be  crossed  with  prudent 
care.  To  him  was  intrusted  the  keeping  of  many  talents,  and  he  proved 
himself  a  good  and  faithful  steward. 


*  Mr.  Harrison  was  conflrmod  by  Rt.  Rer.  Wm.  Bacon  Stevens,  at  the  Church  of  the 
Holy  Trinity  (Ninotoonth  and  Walnut  streets),  Sunday,  May  2d,  ISW.  Rev.  Phillips 
Brooks,  Rector. 
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AN  OBITUARY  NOTICE  OF  CHARLES  B.  TREGO. 

By  Solomon  W.  Roberts. 

{Read  before  the  American  Philosophical  Society ,  Feb,  19,  1875.) 

Charles  B.  Trego  was  bom  near  Newtown,  Bucks  County,  Pennsyl- 
vania, November  25tli,  1794. 

His  ancesters  were  French  Huguenots,  who  emigrated  to  England  and, 
some  of  the  family  having  become  members  of  the  Society  of  Friends, 
came  over  to  America  in  the  time  of  William  Penn  and  settled  at  Ches- 
ter, on  the  Delaware,  and  afterwards  removed  to  Bucks  County. 

His  boyhood  was  passed  on  his  father's  farm,  and  he  went  to  school  in 
the  neighborhood  ;  but  not  liking  the  occupation  of  farming,  and  anxious 
to  improve  himself,  he  began  when  young  to  teach  school,  and  at  the 
same  time  to  study  German  ;  which  was  the  language  commonly  spoken 
by  many  of  the  fanners.  His  handwriting  was  remarkably  regular  and 
beautiful,  and  continued  to  be  so  even  to  old  age. 

About  1821  he  removed  to  Philadelphia,  and  taught  a  school  in  the  city, 
living  for  a  time  in  the  same  house  with  a  German  teacher  of  languages, 
and  adding  to  the  study  of  German,  that  of  French,  Spanish,  Latin, 
Greek  and  Hebrew. 

He  taught  school  until  he  was  about  forty  years  of  age,  and  studied 
Geology,  Mineralogy  and  Botany,  making  a  special  study  of  Geology. 

Although  much  occupied  in  studying  and  teaching,  he  took  a  lively  in- 
terest in  public  affairs.  In  1835  a  political  change  took  place  in  Pennsyl- 
vania, and  the  party  to  which  he  belonged  was  successful,  electing  the 
Governor  and  controlling  the  Legislature  ;  and  Mr.  Trego  was  elected  a 
member  of  the  House  of  Representatives  from  the  City  of  Philadelphia. 
He  was  also  re-elected  in  the  following  year. 

Soon  after  his  election  he  introduced  and  was  mainly  instrumental  in 
having  enacted  into  a  law,  the  Act  for  the  first  Geological  Survey  of 
Pennsylvania.  It  is  understood  that  the  post  of  State  Geologist  was 
offered  to  him  by  Governor  Ritner,  and  declined  by  Mr.  Trego.  Profes- 
sor Henry  D.  Rogers,  received  the  appointment,  and  began  the  survey  in 
1836.  In  1837,  ^Iv.  Trego  became  an  assistant  of  Professor  Rogers,  and 
he  continued  in  the  survey  until  1841 ;  when  he  was  again  elected  to  the 
Legislature,  and  was  re-chosen,  year  after  year,  until  1847  ;  when  he  de- 
clined a  re-election,  and  was  succeeded  by  the  writer  of  this  obituary 
notice. 

Mr.  Trego  was  an  intelligent,  careful,  pains-taking  and  honest  legis- 
lator, and  a  faithful  servant  of  the  City  of  Philadelphia  and  of  his  native 
State.  His  knowledge  of  the  different  parts  of  Pennsylvania,  and  the 
character  of  his  culture,  gave  him  broad  views,  and  added  to  his  influ- 
ence with  his  fellow  members,  and  to  his  usefulness  as  a  member  from 
the  city  ;  as  in  many  cases  members  from  the  country  show  an  unwilling- 
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ness  to  be  influenced  by  those  from  the  city,  unless  they  find  them 
to  be  familiar  with  the  interior  of  the  State. 

There  is  no  doubt  that  the  degree  of  success  that  attended  the  first  Geo- 
logical Survey,  was  largely  due  to  Mr.  Trego's  influence  at  Harrisburg. 

In  1843  he  prepared  and  published  a  work  on  the  Qeography  of  Penn- 
sylvania, which  is  a  book  of  nearly  four  hundred  pages,  containing  a  large 
amount  of  information  concerning  the  State.  In  the  preface  he  says 
that  'Mn  the  course  of  his  duties  as  Assistant  State  Geologist,  during 
four  years,  and  on  various  other  occasions,  the  author  has  visited  most 
parts  of  the  State,  and  has  thus  enjoyed  opportunities  of  acquiring  much 
local  information  concerning  the  different  subjects  embraced  in  this 
work." 

He  also  prepared  a  mass  of  materiaLs  with  the  view  of  writing  the  his- 
tory of  the  City  of  Philadelphia,  and  it  is  to  be  regretted  that  he  never 
completed  it. 

Mr.  Trego  was,  for  some  time.  Professor  of  Gteology  in  the  Scientific  De- 
partment of  the  University  of  Pennsylvania,  and  delivered  lectures  upon 
it  in  that  institution. 

On  the  20th  of  January,  1843,  more  than  thirty  years  ago,  four  persons 
who  had  been  active  in  the  affairs  of  the  Franklin  Institute,  were  elected 
members  of  the  American  Philosophical  Society.  They  were  Charles  B. 
Trego,  Chirles  EUet,  Jr.,  Ell  wood  Morris  and  the  writer  of  this  notice, 
who  is  now  the  sole  survivor  of  the  four. 

On  the  7th  of  January,  1848,  Mr.  Trego  was  elected  one  of  the  Secre- 
taries, and  was  soon  after  chosen  Librarian  ;  and  on  the  15th  of  August, 
1851,  ho  was  elected  Treasurer  of  the  Society,  which  office  he  retained 
until  his  death,  a  period  of  more  than  twenty  years ;  and  he  also  con- 
tinued until  the  close  of  his  life  to  be  one  of  the  Secretaries. 

On  the  30th  day  of  June,  1854,  the  corporate  existence  of  the  Districts, 
Boroughs  and  Townships  of  the  County  of  Philadelphia  ceased,  and  tfiey 
were  merged  in  one  municipal  corporation  with  the  City  of  Philadelphia  ; 
and  about  that  time  Mr.  Trego  removed  into  what  had  been  the  District 
of  Spring  Garden,  and  at  once  identified  himself  with  the  political  and 
other  interests  of  that  part  of  the  consolidated  city. 

From  1856  to  1862  he  was  a  member  of  the  City  Council,  and  for  four 
years  of  that  time  he  was  President  of  the  Common  Council.  His  long 
Legislative  experience  had  made  him  very  familiar  with  the  rules  of  order 
of  representative  bodies,  and  his  uprightness  and  firmness  fitted  him  to 
preside.  In  1863,  when  about  sixty-nine  years  of  age,  he  retired  entirely 
from  public  life. 

From  tliat  time  until  shortly  before  his  death,  he  devoted  himself,  during 
eleven  years,  very  much  to  the  business  and  to  the  interests  of  the  Ameri- 
can Philosophical  Society  ;  not  only  attending  the  meetings,  but  occupy- 
ing himself,  for  much  of  his  time  during  business  hours,  in  the  Library 
of  the  Society.  Here  he  was  fond  of  seeing  his  old  friends,  and  of  talk- 
ing over  curious  incidents  in  the  history  of  the  City  and  State. 
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He  died  of  the  disease  of  the  heart,  on  the  10th  of  November,  1874  ;  at 
which  time  he  was  within  fifteen  days  of  being  eighty  years  old.  He  was 
buried  in  the  burial-ground  attached  to  the  Friends'  Meeting  House,  at 
Wrightstown,  Bucks  County.  His  widow  and  one  son  constitute  his  sur- 
viving family. 

A  number  of  the  facts  contained  in  this  brief  biographical  notice,  have 
been  communicated  to  the  writer  by  Mr.  Trego's  son,  Mr.  F.  A.  Trego, 
who  has  sought  among  his  father's  papers  since  his  death,  for  his  private 
journal,  but  has  not  been  able  to  find  it. 

In  looking  back  over  the  life  of  Mr.  Trego,  we  see  that  while  it  was  not 
distinguished  by  any  very  remarkable  incidents,  he  has  left  behind  him  a 
good  record. 

He  maintained  the  good  reputation  of  the  race  from  which  he  was  de- 
scended ;  and  living  to  the  age  of  nearly  four  score  years,  he  was  useful 
to  the  end  of  his  career,  and  as  the  faithful  Treasurer  of  the  American 
Philosophical  Society,  and  the  collector  and  disburser  of  its  funds  for 
nearly  a  quarter  of  a  century,  his  memory  well  deserves  to  be  honored  by 
the  members  of  the  Society,  sus  that  of  a  good  citizen,  a  lover  of  science, 
and  a  faithful  steward  of  the  talents  with  which  he  was  intrusted. 


ANALYSES  OF  ROCKY  MOUNTAIN  COAL. 

By  J.  Blodobt  Britton  and  C.  M.  Cbesson. 

{Bead  at  a  Meeting  of  tlte  American  Philosophical  Society,  Not.  6,  1874.) 

The  four  coals  from  oast  of  the  Rocky  Mountains  and  on  the  line  of  the 
Union  Pacific  Railroad,  exhibited  at  the  meeting  held  on  the  6th  ult. ,  I 
have  since  analyzed  for  metallurgical  purposes,  with  the  following  results  : 

Carbon  Coal,  from  the  Mine  at  Carbon. 

(Sample  consisted  of  several  pieces,  and  weighed  12  lbs.) 

Water 12. 50 

Volatile  combustible  matter 35.47 

Fixed  carbon 44.96 

Ash 7.07 


100.00 

One  hundred  parts  of  the  raw  coal  gave  of  coke 52.03 

The  coke  was  composed  of 

Carbon 86.42 

Ash 13.58 

100.00  Including  sulphur  1.03 
Phosphorus trace 
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Coal  from  Aluby  Mnvs. 

(Sample  conmted  6f  several  pieces  and  fine  stuff,  and  weigTied  21^  lbs.) 

Water ! 13.95 

Volatile  combustible  matter. 82.54 

Fixed  carbon 44.56 

Ash 9.95 

100.00 

One  hundred  parts  of  the  raw  coal  gave  of  coke 54.51 

The  coke  was  composed  of 

Carbon 81.75 

Ash 18.75 

100.00  Including  sulphur    .29 
Phosphorus 04 

Coal  No.  8»  fbom  Mine  at  Hock  Spring. 

(Sample  consisted  of  a  single  piece,  and  weighed  18|  lbs.) 

Water 13.40 

Volatile  combustible  matter 35.25 

Fixed  carbon 49.81 

Ash 1.54 

100.00 

One  hundred  parts  of  the  raw  coal  gave  of  coke 51.35 

The  coke  was  composed  of 

Carbon 97.01 

Ash 2.99 

100.00  Including  sulphur    .63 
Phosphorus 02 

Coal  prom  Excelsior  Mine,  at  Hock  Spring. 

[Sample  eonsisied  of  several  pieces  and  fine  stuff,  and  weighed  16^  lbs.) 

Water 10.10 

Volatile  combustible  matter 36.76 

Fixed  carbon , 51.03 

Ash , 2.11 

100.00 

One  hundred  parts  of  the  raw  coal  gave  of  Coke 53.14 

The  coke  was  composed  of 

Carbon 96.03 

Ash 3.97 


100.00  Including  sulphur    .92 
Phosphorus trace 


Britton  and  Crewon.]  ^^0  [Nov.  fl,  1874. 

The  coals  swelled  very  little  during  the  coking.  When  powdered  and 
heated  they  agglutinated.  The  cokes  resemhlo  in  appearance  the  kind 
produced  from  the  average  bituminous  coals  of  Western  Pennsylvania. 

A  portion  of  the  sample  from  Carbon  Mine  was  subjected  for  an  hour 
and  a  half  to  a  temperature  of  178-  F.,  and  lost  in  weight  5.72;  subjected 
for  one  hour  more  to  a  temperature  of  280^  F.,  the  loss  was  increased  to 
7.31;  and  again  for  two  hours  more  to  the  same  temperatura,  the  whole 
loss  was  found  to  be  7.55.  Another  portion  of  the  same  sample  was  then 
subjected  for  three  hours  to  a  temperature  of  50(P  F.,  and  the  loss  was 
9.55.  The  watery  vapor  was  condensed  in  a  cold  glass  tube^  the  tube  was 
carefully  weighed  and  then  the  water  was  evaporated ;  the  tube  when 
cold  was  weighed  again,  and  from  the  loss  the  weight  of  water  was  as- 
certained. The  coal  wits  then  weighed,  and  its  loss  was  found  to  corres- 
pond very  nearly  with  the  weight  of  the  water.  A  portion  of  the  same 
coal  was  immediately  put  into  another  tube  and  subjected  for  a  moment  to 
a  low  red  heat,  when  more  water  passed  off  and  collected  in  the  cold  part 
of  the  tube  ;  subjected  for  another  moment  to  a  little  higher  tempera- 
ture, a  dark  brown  oil  passed  off  and  condensed  on  the  top,  and  ran 
down  the  sides  of  the  tube  in  the  space  between  the  coal  and  water. 
The  oil  emitted  a  strong  odor,  the  same  as  the  oils  produced  by  distilla- 
tion from  the  brown  friable  lignites  of  Southern  Arkansas  and  Texas. 
The  other  three  coals  produced  water  and  oil  in  like  manner  at  a  low 
red  heat. 

These  coals  are  not  lignites,  and  I  believe  that  if  dried  at  a  temperature 
of  about  500^  F.,  or  a  little  above,  will  answer  for  puddling  iron  and  the 
purposes  of  the  blacksmith,  and  that  the  cokes  will  answer  for  producing 
pig  iron  in  the  blast  furnace.  J.  BLODGET  BRITTON, 

Iron  Masters'  Laboratory. 

They  were  examined  for  steam  and  illuminating  gas  purposes  by  Dr. 
C.  M.  Cresson.    The  following  is  his  report: 

Ofpicb  akd  Labobatory,  I 

No.  41-7  Walnut  Street^  Philadelphia,  ) 
Coals  marked  "Carbon  Mine,**    ** Excelsior,"    "Mine  No.   3"   and 
"Alury,"  have  been  examined  as  to  their  fitness  for  tlie  production  of 
steam,  and  suitability  for  producing  illuminating  gas,  Pittsburgh  (Penn- 
sylvania Gas  Coal)  being  used  as  the  standard  of  comparison. 
T]ie  following  results  have  been  obtained: 

Gat  to  the     '^'a'wtf  of  Five  Value  of  Five 

'Poundt  of  iVa-'f Pound  of  Coal  ^»*6tc    Feet  of  Cubic  Ft.  token 

Coal  '*'■   f^'ftporated  te/icw  all  of  the  GannCandlet  the  timount   it 

by   one   pound  q^^  ^,   worked  ^^^^  **"  ^f  '*'  limited   to   4.4 

\of  Coal.  ,Qff  Gai  ii  worked  Cubic  Feet  per 

I  •^*  off.  Pound  of  Coal. 

Carbon  Mine 13.42        ■  5.17  Cu.  Ft.  9.52        ,         10.30 

Excelsior 13.53  5.54     "     < 


Mine  No.  3 '       12.65        10.00 

Alury 12.77  5.77 

Penn.  Gas  Coal . . . . !       14.67  5.2 


11.80  12.00 

7.80  '  12.80 

6.90  j  9. 

12.  I  14. 
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The  heating  power  of  these  coals  compares  favorably  with  that  had 
from  the  majority  of  semi-bituminous  and  many  bituminous  coals.  They 
shoul  1  be  burned  in  boilers  adapted  for  use  with  bituminous  coals. 

As  gas  coals,  Excelsior  and  Mine  No.  8  possess  fair  qualities.  They 
yield  a  very  large  amount  of  gas,  and  with  a  little  enrichment  (either  by 
the  admixture  of  cannel  or  a  small  amount  of  oils)  will  prove  serviceable 
to  the  gas-maker. 

If  t^ese  samples  are  from  outcrop  or  from  near  the  surface,  it  will 
most  likely  be  found  that  the  quality  of  the  coal  will  improve,  as  it  is 
obtained  from  a  greater  depth ;  so  that  without  any  limitation  in  the 
quantity  of  gas  yielded,  they  will  compare  more  favorably  with  the  eaat- 
ern  bitumiuous  coals  for  gas  purposes.  Uespectlully, 

CHARLES  M.  CIIESSON,  M.  D. 


SYNOPSIS  OP  THE  VERTEBRATA  OP  THE  MIOCENE  OF 
CUMBERLAND  COUNTY,  NEW  JERSEY. 

By  E.  D.  Cope. 

[Read  before  the  American  PhiloMphical  Society,  Feb.  5,  1875.) 

Tlie  marls  of  the  Miocene  period  appear  in  a  limited  area  in  South- 
western New  Jersey,  chiefly  in  Cumberland  County.  Their  mineral 
character  is  similar  to  that  of  the  marls  of  the  same  age  in  the  Southern 
Atlantic  States,  viz.:  a  calcareous  clay  containing  small  percentages  of 
phosphate  of  lime  and  potish.  In  New  Jersey  its  strata  abound  in 
shells,  and  Vertebrate  remains  are  rather  common.  Timothy  A.  Conard, 
the  father  of  our  Marine  Tertiary  Geology,  as  early  as  1832,  in  his  "Fos- 
sil Shells  of  the  Tertiary,"  called  it  the  upper  marine  formation,  and 
stated  that  it  **  first  appears  in  New  Jeraey,  southeast  of  Salem,  and  con- 
tinues throughout  all  the  States  south  of  this."  Professor  Rogers,  in  bis 
Geology  of  New  Jersey,  published  in  1840,  p.  298,  calls  the  beds  Ter- 
tiary', and  remarks  "  though  this  proposition  (of  shells)  might  rather  im- 
ply an  Eocene  date  for  the  deposit while  on  the  other  hand  all  the 

species  are  either  identical  with  those  of  the  Miocene  of  Maryland  and 
Virginia,  or  exhibit  a  close  analogy  of  form."  In  a  memoir  read  before 
the  American  Pliilosophical  Society,  and  published  iu  the  volume  of 
Transactions  for  1837,  p.  334  Prof.  Rogers,  assigns  the  corre8i)ondiug 
beds  in  Eastern  Virginia  to  the  Miocene  period.  The  evidence  derived 
from  the  vertebrate  fossils  does  not  conflict  with  this  view.  A  full  ac- 
count of  the  geology  of  the  formation  as  it  appears  in  New  Jersey,  is 
given  by  Prof.  G.  H.  Cook,  in  his  report  of  the  Geologic  il  Survey  of  New 
Jersey,  1868. 
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Elabmobhakciiii. 

LaMNA  ELSOAN8. 
LaMNA  CU8PIDATA. 
Lamna  DENTICULATA. 
OXYRHINA  XIPHODON. 
OXYUHINA  MINUTA. 
OtODUS  APPENDICULATU8. 
Carcharodok  MEOALODON. 
CaRCHARODOM  ANOU8TIDKNS. 
HBMIPRISTI8  8ERRA. 
Ztgaema  PRIBCA. 
^ALEOCERDO  ADUNCU8. 
Galeocbrdo  EGERTONII. 
N0TIDANU8  PRIMIQBNIUS. 
ABTOBATI8  8P. 

Myliobatib  8P. 

Zyoobatis  BP. 

Plinthicus  8TEN0D0N,  Cope,  Proceed.  Boston  Soc.  Nat.  History,  1867, 

p.  816; 
Pribtis  amblodon,  Cope,  ibidem,  312. 

Actinotert. 

Phtllodus  cur VI dens,  Marsh,  Proceed.  Amer.  Assoc.  Adv.  Science, 

1870,  p.  229. 
Crommyodus  irrbgularib,  Cope,  Proceed.  Amer.  Philoa.  Society,  1869, 

p.  243;  Proceed.  Boston  Soc.  Nat.  History,  1869,  p.  311. 
Phaboanodus  oentryi,  Cope,  sp.  nov. 

Represented  by  one  of  the  Ion  ^  teeth  of  the  anterior  part  of  the  jawB. 
It  is  slender  and  curved  backward,  and  the  anterior  view  presents  a  cut- 
ting edge  fron  the  apex  to  the  base  ;  there  is  no  cutting  edge  nor  angle 
on  the  posterior  face,  unless  it  be  at  the  apex,  which  is  broken  off  in  the 
specimen.  On  one  side  the  cementum  is  smooth ;  on  the  other,  and 
posteriorly,  the  crown  is  kceled-Btriate  from  the  base  to  near  the  apex. 
Length  preserved,  .010;  long  diameter  at  base,  .0022;  do.  near  apex, 
.0020 ;  short  diameter  at  base,  .0012.  Dtdicated  to  my  friend  Thomas 
C.  Gentry,  of  Philadelphia,  an  acute  observer  of  nature. 
Spyraenodus  speciobub,   Leidy,  Sphyraena  speciosa^  Leidy,  Proceed. 

Acad,  Nat.  Sciences,  1856,  p.  221. 
Sphyrabnodub  8ILOVIANTI8,  Cope,  sp.  nov. 

Represented  principally  by  a  portion  of  the  dentary  bone,  supporting 
five  teeth,  and  containing  alveoli  for  four  others.  The  jaw  U  compressed 
and  slightly  curved  and  with  smooth  surface.  The  teeth  are  subeqaal, 
compresbed,  rather  short  and  acute,  and  without  roots ;  at  their  bases 
the  aWeolar  borders  are  notched.  Length  of  fragment,  .020 ;  depth  at 
middle,  .004  ;  length  of  aitooth,  «003 ;  long  diameter  at  base,  .002. 


1875.)  363  [Cope. 

Reptilia. 

Triontx  lima,   Cope,  Ext.  Batr.  Kept.  N.  Amer.,  1870,  p.  158.  PI.  vii. 

Fig.  14. 
PuppiOERus  GRANDiEYUS,    Leidy,    Chelone  grandcBvcL,  Leidy,  Procee<l. 

Acad.  Philadelphia,  1861,  p.  203 ;  Puppigerus  grandavus.  Cope,  Ext. 

Baltr.  Kept.  N.  A.,  1870,  p.  235. 
THECACHAMPdA  SERicODON,  Cope,  Procced    Acad.  Phila.,  1867,  p.  143 ; 

Ext.  Batr.  Rept.  N.  Amor.,  1870,  p.  43,  Fl.  v.  Fig.  8. 

InCBBTAE  BEDI8. 

AoABBLUs  P0BCATU8,  Cope,  gen.  et  sp.  nov. 

Established  on  an  osseous  body  which  nearly  resembles  the  elongate 
muzzle  of  a  Priicodelphinus  without  teeth,  but  with  the  alveolar  lines  ex- 
cavated into  a  deep  groove  on  each  side.  The  superior  surface  possesses 
a  shallow  median  groove  as  iu  most  delphinoid  cetaceans,  while  the  sup- 
posed palatal  face  is  plane  and  sharply  defloed  by  the  lateral  grooves. 
The  latter  are  bounded  above  by  a  thin  overhanging  border  on  each  side, 
and  their  fundus  is  marked  by  a  series  of  nutritious  foramena  of  small 
size,  apparently  corresponding  to  the  positions  of  teeth  of  other  genera. 

With  this  imperfect  material  it  is  impossible  to  decide  positively  on  the 
character  of  this  genus,  but  I  suspect  that  it  will  be  found  to  be  allied  to 
the  sword-dolphins  of  the  genus  RhabdoBieuSy  Cope. 

Char.  Specif,  The  general  form  is  depressed,  and  the  outline  tapers 
regularly  to  near  the  apex.  The  upper  face  presents  two  convexities, 
one  on  each  side  of  the  median  groove,  but  towards  the  base  these  parts 
are  not  exactly  symmetrical.  There  is  a  narrow  bevel  descending  to  Uie 
margin  on  each  side.  The  grooves  are  wide  and  deep,  anteriorly  wider 
than  the  palatal  rib  which  separates  them,  and  opening  outward  as  well 
a)  downwards.  Bone  moderately  dense,  surface  not  covered  with  the 
cementum  and  faintly  longitudinally  line-grooved.  Total  length  of  frag- 
ment, M.  .065  ;  width  do.  at  base,  transversely  .012,  vertically,  .006  ;  witli 
palate  at  base  .007  ;  at  broken  extremity,  .002  ;  depth  at  do.  .0035. 

Mammalia. 

Squalodon  atlanticub,  Leidy,  Cope,  Proceed.  Academy,  Philada.,  1867, 

p.  153 ;  Macrophoea  atlantica,  Leidy,  L  c.  1856,  p.  220. 
Zarsachis  velox,  Cope,  Proceed.  Acad.  Philadelphia,  1869  (March). 
Priscodelphinds  harlani,  Leidy,  Proceed.  Acad.  Phila.,  1851,  p.  337. 
Priscodelphinus  lacertosus,  Cope,  Delphinapteru9  laeertostis,  Cope, 

ibidem,  1868,  p.  190. 
Priscodelphinus  orand.evus,  Leidy,  ibidem,  1851,  p.  327.     Tretosphyf 

grandavuSj  Cope,  ibidem,  1869  (March). 
Priscodelphinus  uraeus,  Cope,  Tretosphys  uraetis,  Cope,  1869  (March). 

Tlie  four  preceding  species  may  be  regarded  as  congeneric  for  the 
present,  as  they  are  similar  in  the  forms  of  the  vertebra,  especially  in 


Frazer.]  '^O^  [Mureli  W, 

the  lumbar  diapopbyses.  H  few  years  ago  I  defined  a  genus,  based  on 
several  species  from  the  Miocene  of  Maryland,  in  which  the  lumbar 
diapophyses  are  spiniform.  Supposing  the  Priseodelphinus  harlani  of 
Leidy  to  possess  the  same  character  I  retained  the  same  generic  name  for 
the  Maryland  species.  After  an  examination  of  considerable  material  from 
the  New  Jersey  locality,  including  bones  of  P.  harlanii,  I  have  failed 
to  observe  a  single  species  with  the  spinous  processes  alluded  to.  It  thus 
becomes  evident  that  Priseodelphinus  must  be  retained  for  the  species 
termed  by  me  Tretosphys,  while  that  for  which  I  retained  the  name  Pris- 
eodelphinus must  receive  a  new  one.  For  this  I  propose  Belosphys  with 
B.  spinosuSf  Cope,  as  type,  and  B.  atropius,  B,  eonradi  and  B.  stenus  as 
species.  At  the  same  time  I  add  that  the  presence  of  Ixaeanthus  eoelos- 
pondylusy  Cope,  in  the  New  Jersey  Miocene  mentioned  in  Cook's  Geologi* 
cal  Survey  of  New  Jersey  by  the  writer,  is  doubtful. 
Total  number  of  species,  thirty-three. 


OniGIN  OF  THE  LOWER  SILURIAN  LIMONITES  OF  YORK 
AND  ADAMS  COUNTIES. 

By  Peksifoh  Frazer,  Jr. 

(Bead  before  the  American  Philosophical  Society^  March  19,  1875.) 

The  three  great  deposits  of  Lo^er  Silurian  limestone  which  occur  in 
this  State,  are  :  Ist.  That  of  the  Chester  Valley  which  begins  at  Willow 
Grove,  in  Montgomery  county,  and  terminates  about  a  mile  west  of 
Minerstown,  in  Lancaster  county ;  2d.  The  great  Lancaster  audi  York 
county  basin  which,  commencing  about  a  mile  northeast  of  Morgantown, 
crosses  the  Sustiuehanna  River  in  two  prongs,  the  longer  (most  northerly) 
of  which  terminates  almost  on  Mason  and  Dixon's  line  in  the  southeast 
comer  of  Adams  county;  and  3d.  The  great  valley,  par  excellence^  which 
enters  the  State  at  Easton  on  the  Delaware  River,  and  passes  into  Mary- 
land in  a  wide  belt,  which  stretches  fifteen  miles  east  and  the  same  die* 
tance  west  of  Middleburg,  Franklin  county. 

Accompanying  all  these  limestone  basins  are  belts  of  iron  ore  which 
ccop  out  at  tolerably  uniform  distances  below  their  edges.  In  the  still 
lower  measures  of  the  Silurian,  and  above  the  Potsdam  sandstone,  are 
other  belts  of  ore  entirely  disconnected  from  the  limestone  ores. 

In  the  first  Report  of  the  Geology  of  Pennsylvania  (Vol.  I,  p.  218),  it  is 
stated  of  the  Rathfon  Ore  Banks  of  Lancaster  county,  that  in  this,  as  in 
niofct  of  the  other  iron  veins  connected  with  the  magnesian  limestones. 
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the  position  of  the  ore  is  precisely  at  the  junction  of  the  limestone  and 
slate.  *'  It  is  indeed  only  a  very  ferruj^inous  variety  of  the  metamor- 
phosed slate  regularly  stratified  and  intercalated  with  it." 

Again,  **  west  of  the  Gautner  Ore  Diggings,"         ♦  ♦        "the  ore 

lies  in  decomposed  sandy  talco-micaceous  slate  between  the  sandstone 
and  an  outcrop  of  limestone  south  of  it."  A.nd  just  beyond,  **The 
Conewango  Ore  Bank  lies  at  the  junction  of  the  Auroral  li  nestone  and 
the  talco-micaceous  slates  of  the  primal  series."  In  another  place,  the 
section  of  this  limestone  at  Strickler's  Run  is  given,  c  jmmencing  at  the 
lowest  number  of  the  series  : 

1.  Limestone,  150  feet. 

2.  Blue  talcoid  slate,  200  feet. 

3.  Limestone,  15  feet. 

4.  Dark-blue  slate,  20  feet. 

5.  Limestone  (?). 

6.  Bluish  talcoid  slate,  200  feet. 

7.  Limestone  (?). 
(Total  405  +  feet). 

Of  the  iron  ores  of  York  county,  it  is  stated  simply  that  a  belt  is  trace- 
able along  the  southern  edge  of  the  limestone  towards  Littlestown,  but 
has  been  long  neglected,  owing  probably  to  its  containing  a  considerable 
portion  of  the  oxide  of  manganese.  All  these  statements  agree  in  placing 
the  limonites  just  beneath  the  Auroral  limestone.  The  older  ores  seem 
not  to  be  mentioned  at  all. 

The  ores  of  York  county  are  of  three  kinds :  1st,  pyritiferous  and 
partly  magnetic  limonites ;  2d,  the  limonites  proper,  which  were  the 
special  objects  of  my  investigation  last  summer ;  and  3d,  the  micaceous 
and  magnetic  ores  of  the  Mesozoic  sandstone.  The  first  fact  of  import- 
ance with  regard  to  the  second  of  these  kinds,  is  that  (corroborated  by 
Prof.  Prime),  they  never  occur  far  from  the  Auroral  limestone,  but 
always  on  its  edges,  thus  skirting  the  entire  basin  (when  not  overlain  by 
the  Ked  Sandstone),  and  forming  a  line  of  ore  wherever,  within  the 
limits  of  the  basin,  from  folding  and  subsequent  denudation,  an  edge  of 
this  Auroral  limestone  is  exposed.  2d.  They  are  almost  always  in  the 
form  of  segregations  in  yellowish  and  bluish  clay.  3d.  Not  only  is  each 
belt  of  ore  made  up  of  small  pockets  and  nests  lying  without  regularity 
in  the  decomposed  slates  constituting  the  clay,  but  in  some  cases  the  belt 
itself  is  capricious  and  appears  to  run  out  whenever  the  rock  becomes  less 
easily  decomposable. 

I  should  hesitate  to  ascribe  the  source  of  this  iron  supply  to  the 
minute  crystals  of  pyrite  which  undoubtedly  permeate  some  horizons 
of  the  great  Calcareous  deposit,  both  because  their  number  and  the 
porousness  of  the  limestone  as  observed  in  connection  with  the  ore. 
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seem  to  bear  no  relation  to  the  latter.  Besides,  the  supply  of  iron  from 
such  minute  crystals  in  the  limestone  would  be  insufficient  to  produce 
the  limonite  beds.  It  seems  much  more  probable  that  the  source  of  the 
supply  of  iron  were  the  pyrite  crystals  of  the  slates  which,  once  towering 
high  in  the  air,  have  been  earned  down  by  denudation  and  deposited  in 
the  Atlantic.  Even  these  slates  which  are  not  so  situated  as  to  permit 
the  percolation  of  water  through  them,  exhibit  a  porous  structhire,  the 
pores  being  filled  with  brown  ochreous  limonite,  and  this  occurs  to  a 
considerable  depth,  and  the  slate  merges  by  imperceptible  degrees  in 
a  direction  normal  to  the  plane  of  bedding,  first  into  completely  meta- 
somatized  pseudomorphs  of  limonite  after  pyrito  (but  still  retaining 
the  form  of  the  latter) ;  then  the  same  with  a  kernel  of  pyrite  ;  then  the 
pyrite  itself,  first  with  a  shell  and  then  with  a  mere  stain  of  ferric 
hydrate ;  and  finally  the  same  slates  are  revealed  porphyritic  from  the 
pjrrite,  but  not  at  all  decomposed. 

The  question  as  to  the  source  of  the  iron  in  these  limonite  beds,  is  this: 
Does  it  come  from  the  percolation  and  solution  of  its  pyrite  disseminated 
through  the  more  recent  limestone,  or  does  it  come  from  the  decomposed 
pyrite  in  the  slates  of  the  same  age  ?  For  it  will  hardly  be  disputed, 
that  the  m<ain  source  of  the  supply  consisted  of  pyrite,  nor  that  the 
decomposition  of  the  slates  into  clays  was  the  means  of  providing  the 
impermeable  medium  in  which  the  iron  solutions  were  caught  and  im* 
prisoned.  If  the  former  hypothesis  be  the  true  one,  we  should  ex- 
pect to  see  an  absence  of  limestone  in  the  vicinity  of  the  large  deposits  ; 
for  (granting  for  the  moment  that  the  limestone  contains  enough  pyrites 
to  account  for  the  entire  deposit  (a  fact  which  at  least  admits  of  some 
question),  a  percolation  of  water  sufiicient  to  oxidize  the  sulphur  of  these 
pyrite  crystals  and  carry  away  enough  iron  to  produce  the  beds,  would 
entirely  honey-comb  and  finally,  both  by  solution  and  attrition,  dissipate 
the  limestone  bed.  But  in  and  near  some  of  the  largest  limonite  beds  we 
fin'l  the  limestone  scarcely  weathered,  and  in  few  cases,  if  any,  is  it  ren> 
dered  ferruginous  or  even  stained  to  any  great  degree  by  chalybeate 
waters.  Indeed,  the  absence  of  the  familiar  iron  stain  from  the  calcareous 
member  of  this  formation  is  so  marked,  that  this  point  of  difference  from 
the  adjacent  members  of  the  series  cannot  fail  to  arrest  attention. 

Again  the  uniformity  of  the  occuiTcnce  of  these  limonite  deposits  on 
the  skirts  of  the  basin  and  the  lower  edge  of  the  elevated  limestonfis  and 
their  absence  elsewhere,  cannot  but  be  the  result  of  the  law  of  their  for- 
mation. Wore  these  deposits  derived  from  the  pyrite  disseminated 
through  the  limestone  there  would  l)e  no  way  of  explaining  the  adher- 
ence to  the  rule  when  the  strata  wore  highly  inclined  or  vertical,  except 
by  supposing  that  the  ferruginous  solution  from  the  limestone  found  its 
way  across  the  decomposing  slate  beds  in  a  direction  perpendicular  to 
their  planes  of  lamination — an  hypothesis  opposed  to  all  experience. 
But  this  would  not  account  for  the  absence  of  iron  oxide  on  the  re- 
maining edges  of  the  limestone  itself,  for  even  if  we  could  accept  the 
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How  of  the  waters  through  tlie  bedding  we  should  be  at  a  loss  to  account 
for  t^e  absence  of  that  tlow  along  the  planes  of  bedding.  It  is  objected 
in  short  to  the  hypothesis  which  would  derive  the  limonite  beds  from  the 
disseminated  pyrite  in  the  overlying  limestone.  1st.  That  the  less  the 
lime^too9  actually  overtiesy  csetei'is  paribus,  the  greater  the  extent  of  the 
limonite  deposits.  2<l.  There  is  no  appearance  of  wasting  in  the  lime- 
stone commensurate  with  the  effect  produced,  and  not  even  the  staining 
from  chalybeate  waters  which  must  have  accompanied  such  a  genesis. 
3d.  Very  similar  deposits  are  found  in  legious  widely  remote  from  the 
liraestmie  (thousands  of  feet  of  measures  below  it, — t.  f.,  Hofacker's, 
and  the  Cameron  Iron  Co.'s  mine,  &c.). 

The  facts  which  are  most  intractable  according  to  the  former  hypothesis 
might  have  been  predicted  on  th^  latter.  A  large  portion  of  the  slates 
underlying  the  Auroral  limestones  are  pyritiferous.  A  specimen  taken 
from  a  point  on  the  Peach  Bottom  Railroad,  about  five  miles  southeast 
of  York  was  selected  rather  than  one  nearer  to  the  limestone  basin, 
because  in  these  latter  tne  pyrite  is  distributed  in  crystals  too  minute  to 
be  eatkily  counted,  while  probably  not  differing  materially  in  the 
amount  of  iron  contained.  A  slab  of  this  slate  3^  X  2^  X  i  inches  was 
examined  to  ascertain  the  number  of  prints  of  pyrite  crystals  which  it 
contained.  On  the  area  of  the  surface  3^  X  ^  =  8*75  sq.  inches  there 
were  counted  350  such  pits  visible  to  the  naked  eye. 

A  micrometric  measurement  of  a  large  number  of  these  pits  gave  all 
intermediate  dimensions  between  ^  and  :^j  of  an  inch.  Assuming  the 
mean  of  the  cubes  of  these  dimensions  or  0.0002 13  cubic  inch  as  the  average 
size  of  a  crystal,  we  have  40  such  Crystals  in  1  square  inch,  occupying 
0.00851  cubic  inch.  In  the  specimen  examined  which  was  |  inch  thick, 
there  were  nine  layers  distinctly  visible  to  the  uakei  eye.  Each  layer 
was  therefore  ^f  inch  in  tliickness,  and  supposing  only  0.00852  cubic  inch 
of  pyrite  in  each  square  inch  of  lamiuje,  we  have  0.00852  X  34  X  12  X  5 
—  12.27  cubic  inches  of  pyrite  in  every  square  inch  of  area  and  5  feet  of 
thickness  of  thoss  slates.  One  cubic  inch  of  pyrite  weighs  126.1  grains. 
Ill  the  above  thickness  and  area  of  these  slates  there  are  then  1547.25 
grains,  or  in  each  square  f  Jot  of  the  sime  thickness  222803.57  grains  -  - 
31.81  lbs. 

This  would  give  us  for  every  mile  of  outcrop  and  1000  feet  of  arch 
above  the  present  surface  the  enormous  sum  of  108,009,600  lbs.  =  75,004 
tons  of  2240  lbs.  But  the  metallic  iron  in  this  mass  of  slates  one  mile  in 
length  and  five  feet  in  thickness  would  wcivjh  47729.7  tons,  and  supposing 
it  to  be  also  oxidized,  the  anhydrous  oxide  would  weigh  68185.2  tons  and 
as  limonite  79691.5  tons. 

Assuming  j  of  this  to  be  washed  into  the  soil  and  }  to  be  left  as  earthy 
iron  ochre  in  the  pits  originally  filled  by  pyrite  in  the  slater  still  in  i)lace 
and  only  partially  decomposed, — which  lie  in  juxtaposition  to  the  ore  ; 
then  every  outcrop  of  these  slates  one  mile  long  and  one  foot  deep  has  con- 
tributed about  20  t  )ns  'o  the  deposits.     But  the  entire  mass  of  the  rocks 
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which  were  formerly  above  the  present  surface  have  been  washed  away, 
and  with  them  their  47,730  tons  of  metallic  iron,  or  their  79,691  tons  of 
limonite  (if  all  this  iron  was  hydroxidized),  for  every  1000  feet  of  slope, 
5  feet  of  thickness  and  1  mile  of  outcrop.  Added  to  the  smaller  contri- 
bution of  the  partially  weathered  slates  at  the  surface,  this  gives  the 
total  of  79,711  tons  of  limonite  per  mile,  which  has  been  gradually  carried 
down  the  dip  and  segregated  amoQg  the  clays.  But  these  slates  are  of 
very  great  thickness — at  least  100  times  what  has  been  assumed.  Allow- 
ing, tben,  for  all  loss  by  transportation  into  the  sea,  and  through  breaks 
in  the  continuity  of  the  clay  beds  to  great  depths  under  ground,  and  for 
combination  with  the  silicates  to  form  double  salts,  we  still  have  more 
than  enough  to  account  for  all  the  largest  ore  banks.  It  will  be  asked^ 
why  these  deposirs  should  bear  so  clos3  a  geographical  relation  to  the 
limestone  basins  ?  An  example  taken  from  Feigley  &  Brillhart^s  bankio 
the  Dunkard  Valley,  one  mile  east  of  Logansville,  is  interesting  ia  this 
connection.  Here  is  the  southwest  limit  of  the  easterly  portion  of  the 
small  limestone  trough  which  runs  parallel  with  and  south  of  the  greater 
York  county  synclinal.  About  a  quarter  of  a  mile  east  of  Brillhart's 
works  there  occurs  a  rock  almost  indistinguishable  fi*om  the  other  slates 
but  which  contains  -t  33  per  cent.  (?)  of  calcium  carbonate. 

This  indiciites  either  that  these  slates  have  been  subjected  to  a  long 
soaking  with  cilcium  bicarbonate  or  that  the  deposits  of  the  carbonate  of 
lime  proceeded  together  with  the  mechanical  deposition  of  the  sediments 
which  formed  the  slate  bed. 

In  reference  to  the  older  limonite  formations  of  Lancaster  county,  it  i« 
said  ^Vol.  I,  p.  183):  **  An  interesting  inquiry  is  here  suggested  as  to 
what  can  have  been  the  geological  atmospheric  condition  which  produced 
the  i*emarkable  percolation  which  carried  down  so  large  an  amount  of  ore 
out  of  these  ferruginous  beds.  Was  it  tepid  rain  charged  with  carbonic 
acid  in  an  early  Palicozoic  period  ?  Or  could  it  have  been  a  long  filtration 
<»f  surface  waters  such  as  now  soak  the  earth  ?  Or  are  we  to  surmise  an 
action  of  internal  steam  issuing  upwards  through  crevices  in  the  strata 
in  a  period  of  crust  movement  and  disturbance  ?  I  am  inclined  to  the 
first  conjecture.'' 

Dr.  Hunt  in  his  essay  on  metalliferous  deposits  (XII,  Chem.  and  Oeol. 
Ensays,  Boston,  1875,  p.  220),  says:  **The  question  has  been  asked  me — 
Where  are  the  evidences  of  the  organic  material  which  was  required  to 
produce  the  vast  beds  of  iron  ore  found  in  the  ancient  crystalline  rooks? 
I  answer  that  the  organic  matter  wa^  in  most  cases  entirely  consunned 
in  producing  these  great  results,  and  that  it  was  the  large  proportion 
of  iron  diffused  in  the  soils  and  waters  of  those  early  times  which  not 
only  rendered  possible  the  accumulation  of  such  great  bdds  of  ore,  but 
oxidized  and  destroyed  the  organic  matter,  which  in  later  ages  appear 
in  coals,  lignites,  pyroschists  and  bitumens.  Some  of  the  carbon  *  * 
is,  however,  btill  preserved  in  the  form  of  graphite,*'  &o. 

Willi  reference  to  the  Ferric  Sulphide  or  pyiite,  the  same  author 


1876.J  369  [Fraier. 

ascribes  its  formatiou  to  the  deoxidizing  agency  of  decaying  organic 
matters  out  of  contact  with  air  on  soluble  sulphate  of  lime  and  magnesia, 
giving  rise,  if  carbonic  acid  be  present,  to  Hydrogen  Sulphide  which 
*4n  some  conditions  not  well  understood  contains  two  equivalents  of 
sulphur  to  one  of  iroo.''  He  adds  that  he  has  observed  that  the  ferrous 
sulphide  or  proto-sulphide  of  iron  in  presence  of  a  per-s  ilt  of  iron  loses 
one-half  of  its  iron,  the  rest  being  converted  to  Ferric  Sulphide." 

It  seems  at  least  a  possible  explanation  for  this  more  prominoot  de- 
termination of  limonite  along  the  edge  of  limestone,  that  by  the  oxida- 
tion of  the  pyrites  of  the  slates  an  equivalent  of  sulphuric  acid  in  addi- 
tion to  that  necessary  to  form  Ferric  Sulphate  has  been  produced.  That 
this  molecule  of  free  sulphuric  acid  in  its  passage  over  the  mica  and 
chlorite  slates  has  dissolved  out  part  of  their  alkalies,  especially  soda. 
That  this  solution  of  sodium  sulphate  has  mingled  in  the  clay  beds  below 
with  the  solution  of  calcium  bicarbonate,  produced  by  the  drainage  of 
rain  waters  over  the  limestone  bods,  giving  rise  to  sodium  bicarbonate  and 
calcium  sulphate.  That  this  sodium  bicarbonate  reacting  on  the  Ferrous 
Sulphate  has  precipitated  Hydro-Ferrous  Carbonate  which  has  been  by 
oxidation  rapidly  converted  to  Ferric  Hydrate,  while  the  Ferric  Sulphate 
has  been  immediately  thrown  down  as  hydrous  oxide.  This,  be  it  re- 
peated, is  simply  one  of  many  explanations  which  may  i^uggest  them- 
selves  of  the  observed  fact  that  the  limonite  deposits  are  more  frequent 
and  extensive  in  the  neighborhood  of  limestone  deposits. 

But  though  the  solutions  from  such  basins  may  favor  the  deposition  of 
this  ore,  they  are  not  always  necessary. 

It  has  been  incidentally  stated  that  one  proof  that  the  supposed  iron  in 
limestones  was  not  necessary  for  the  formation  of  these  limonite  beds,  is 
that  very  similar  limonite  beds  are  known  to  occur  miles  away  from  any 
known  outcrop  of  limestone.  Such  are  the  beds  referred  to  as  the  Ho- 
f acker,  Cameron  Co.,  Keeny  Banks,  &c.,  &c.,  which  occur  in  the  lower 
part  of  York  county  and  the  upper  portion  of  Baltimore  and  Car- 
roll counties,  Maryland.  The  circumstances  of  occurrence  alike  in 
both  cases  are  the  pyritiferous  character  and  the  highly  inclined  strata. 
The  former  is  much  more  coarsely  porphyritic  in  the  older  beds  so  that  the 
hydroxidation  of  the  pyrites  has  not  been  so  perfect,  and  the  ore  is  much 
more  red  short  than  is  the  case  close  to  the  limestone.  But  the  large 
amount  of  pyrites  in  the  rooks,  in  all  stages  of  transition  to  limonite, 
would  seem  to  render  the  search  for  any  other  sour.e  of  supply  of  iron 
unnecessary. 
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NOTES  ON  THE  GEOLOGY  OF  WEST  VIRGINIA. 

No.  II.  ♦ 

By  J  no.  J.  Stevenson. 

Professor  op  Geology  in  the  University  op  New  York. 

(Read  before  the  American  Philosophical  SiKiety^  February  5^/i,  1875.) 

DuriDg  July  and  part  of  August,  1874,  I  made  a  reconnaissance  of  a 
portion  of  West  Virginia  lying  between  Rich  Mountain  and  the  Ohio 
River.  In  this  area  are  included  parts  of  Randolph,  Upshur,  Harrison, 
Lewis,  Doddridge,  Ritchie  and  Wood  counties.  To  connect  this  work 
with  that  reported  in  my  previous  paper,  I  made  some  examinations  in 
Taylor  and  Marion  counties. 

This  whole  region  has  suffered  much  from  erosion,  and  its  surface  it  a 
confused  mass  of  hills  and  ravines  apparently  without  system.  In  the 
eastern  portion,  that  drained  by  the  forks  of  the  Monongahela  River,  the 
valleys  are  usually  quite  broad  and  the  hills  are  rounded  except  in  the 
vicinity  of  Rich  Mountain,  where,  owing  to  the  increasing  dip,  the  slopes 
become  quite  sharp.  In  this  drainage  area  the  main  streams  flow  across 
the  dip,  whence  result  the  broad  valleys  and  gentle  slopes  observed  on 
Tygarts,  Buckhannon,  and  the  West  Fork  River.  On  the  west  side  of 
the  divide,  separating  the  Monongahela  from  Hughes*  River  on  the  Little 
Kanawha,  the  conditions  are  different.  There  the  streams  flow,  for  the 
most  part,  with  or  opposed  to  the  dip,  so  that  one  finds  the  country 
abrupt  and  the  valleys  narrow  until  he  approaches  the  Ohio. 

Between  Rich  Mountain  and  the  Ohio  the  soil  is  not  very  rich,  owing 
to  the  comparatively  small  quantity  of  limestone  present.  In  portions  of 
Randolph  and  Upshur  counties,  however,  there  is  much  rich  land  along 
the  <* bottoms,"  the  alluvium  being  in  a  measure  derived  from  the  lower 
carboniferous  rocks.  The  western  portion  of  the  area  is  very  lean,  as 
the  soil  has  resulted  simply  from  disintegration  of  the  Upper  Barren 
shales  or  sandstones,  or  in  other  localities  from  similar  disintegration  of 
the  red  argillaceous  shales  of  the  Lower  Birron  Group.  It  is  said  that  in 
Doddridge,  Ritchie  and  Wood  counties,  there  is  comparatively  little  land 
rich  enough  to  yield  forty  bushels  of  corn  per  acre. 

Over  the  greater  portion  of  the  area,  the  hills  are  covered  by  a  dense 
growth  of  valuable  timber,  consisting  chiefly  of  poplar  (tulip-tree),  red 
and  other  oaks,  chestnut,  beech  and  maple.  The  oak  and  poplar  are 
quite  valuable.  At  the  west,  much  of  this  timber  is  floated  to  the  Ohio 
by  way  of  the  Little  Kanawha,  not  a  little  of  it  being  sent  down  as  single 
logs  from  the  smaller  tributaries.  The  magnificent  timber  on  Rich 
Mountain  will  soon  be  avaiUble,  as  the  obstructions  in  Buckhannon  and 
Tygarts*  Rivers  are  to  be  removed,  so  as  to  open  the  way  to  Grafton, 
where  immense  sawmills  have  been  erected. 

The  availabilities  of  the  country  have  not  been  fully  tested,  and  for  the 
♦  No.  I  was  publlahod  In  Trans.  A.  P.  S.,  Vol.  XV,  p.  15. 
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most  part,  it  is  thiuly  settled.  Such  of  the  inhabitants  as  have  means, 
devote  themselves  to  raising  stock  or  wool,  while  the  poorer  classes  are 
wasting  their  substance  by  cutting  the  fine  timber  into  staves  or  shin- 
gles. 

Throughout  this  whole  region,  evidences  of  drift  are  entirely  wanting. 
The  superficial  deposits  are  thin  except  at  the  east,  where  the  debris  on 
the  hills  is  so  thick  as  to  render  satisfactory  tracing  of  the  strata  almost 
impossible.  Along  the  northwest  Branch  of  the  Baltimore  and  Ohio 
Railway,  one  finds  frequent  proof  of  the  deepening  of  waterways,  for  on 
top  of  many  hills,  seventy-five  to  one  hundred  feet  above  the  present 
streams,  there  occur  fresh-water  shells  similar  to  those  now  living  in  the 
creeks. 

Rich  Mountain  is  the  western  slope  of  a  great  anticlinal  ridge,  whose 
eastern  slope  is  known  as  Cheat  Mountain.  Between  the  two  mountains 
is  the  anticlinal  valley  of  Tygarts'  River,  whose  scenery  can  hardly  be 
excelled.  Along  the  central  line  of  this  valley  the  dip  of  the  strata  is 
nearly  65^  northwest  and  somewhat  less  southeast.  Taking  the  Staun- 
ton pike  westwardly,  we  find  the  dip  diminishing,  so  that  on  top  of  Rich 
Mountain  it  is  only  18^.  Thence  the  decrease  is  very  rapid,  and  at  Roar- 
ing Creek  the  strata  are  almost  horizontal.  This  condition  continues  for 
nearly  twelve  miles  along  the  pike  ;  after  which  the  northwest  dip  is 
resumed,  now  120  feet  to  the  mile,  and  is  retained  until  about  two  miles 
west  from  Buckhannon.  There  it  is  reversed,  and  we  meet  the  anticlinal 
fold  of  Laurel  Hill.  The  plane  of  this  axis  crosses  the  pike  about  three 
miles  west  from  Weston,  and  there  the  dip  is  acain  toward  the  north- 
west at  the  rate  of  nearly  150  feet  per  mile.  This  rate  continues  for  about 
twenty  miles,  beyond  which  the  strata  become  almost  horizon' al.  The 
Laurel  Hill  anticlinal  crosses  the  railroad  not  far  from  Flemin^lon,  and 
the  fiattening  of  the  strata  begins  near  Long  Run  Station,  thirty  miles 
farther  west. 

Aboat  one-eighth  of  a  mile  east  from  Ellenboro*  and  forty-five  miles 
west  from  Clarksburg,  a  sharp  fault  occurs,  on  whose,  eastern  side  tbe 
rocks  dip  almost  due  east  at  an  angle  of  26'^,  while  on  the  western  side 
the  strata  are  horizontal.  The  exact  line  of  fault  is  not  exposed,  and 
there  is  an  interval  of  seventy  feet  concealed  between  the  points  of  ob- 
servation. The  approximate  horizontality  continues  westward  to  within 
a  mile  of  Petroleum,  where  the  dip  becomes  eastward  and  rapidly  in- 
creases, followed  west,  until  just  west  from  that  station  it  becomes  36^. 
From  this  point  almost  to  Laurel  Junction  someWhat  more  than  one  mile, 
the  dip  is  very  confused,  but  a  shattered  anticlinal  can  be  traced,  the 
rocks  meanwhile  dipping  east  or  west,  as  the  case  may  be,  at  from  one 
to  five  degrees.  Near  Laurel  Junction  tbe  dip  becomes  five,  ten,  twenty, 
iortyor  even  seventy -five  degrees  westward.  In  the  cut  immediately 
west  from  that  station  the  rate  decreases  to  five  degrees  within  a  space 
of  six  feet  horizontally,  and  soon  afterwards  falls  to  only  ten  feet  per 
mile.     Beyond  this  to  the  Ohio  the  recks  remain  almost  horizontal. 
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The  seotion  obtaiued  in  passing  from  Rich  Mountain  to  the  Ohio  em- 
braces the  whole  of  the  Upper  Carboniferous  as  found  in  West  Virginia, 
and,  if  begun  on  the  east  slope  of  the  mountain,  includes  also  a  very 
large  portion  of  the  Lower  Carboniferous.  The  anticlinal  valley  of 
Tygarts'  River  is  cut  out  of  the  Lower  Carboniferous  series,  which  is 
well  exposed  on  each  wall  to  the  crests  of  the  mountains.  On  top  of  Rich 
Mountain  we  find  the  Great  Conglomerate  forming  the  crest  throughout 
Randolph  county.  On  the  western  slope  of  the  rid^e  are  the  Lower 
Coals,  which  pass  under  the  surface  before  reaching  the  Buckhannon  River 
in  Upshur  county.  The  Lower  Barren  Group  is  well  exposed  toward  the 
foot  of  the  mountain  near  Roaring  Creek,  and  thence  westward  in  the 
blufifs  for  nearly  forty  miles;  but,  owing  to  the  flattening  of  the  dip  near 
Roaring  Creek,  it  is  the  surface  series  lor  only  a  few  miles  in  the  area 
examined.  Northward  from  the  Baltimore  and  Ohio  Railroad,  or,  better 
pel  haps,  at  the  State  line,  the  Upper  Coal  Group  finds  its  eastern  outcrop 
several  miles  from  Laurel  Hill,  but  followed  southward  this  outcrop  is 
seen  approaching  the  crest  of  the  axis  until  near  the  railroad  it  crosses  it. 
Along  our  southern  line  the  fold  becomes  very  gentle,  so  that  the  Pitts- 
burg crosses  its  crest  and  has  its  outcrop  nearly  twenty-five  miles  east 
from  it.  The  eastern  bo  mdary  of  the  group  is  very  tortuous.  The  Upper 
Coals  extend  westward  almost  to  the  line  of  the  Ellenboro'  fault,  where 
the  Lower  Barren  Group  is  thrust  up.  This  continues  to  the  especially  dis- 
turbed areakno«irn  as  the  *'  Oil-break,''  in  which  the  Lower  Coal  Group 
is  exposed.  Beyoni  the  "break  "  to  the  Ohio  River  the  only  rocks  ex- 
posed are  those  of  the  Lower  Barron.  The  region  lying  west  from  the 
Ellenboro'  fault  will  be  described  separately. 

The  Upper  Barren  Group  is  cut  off  by  the  Ellenboro'  fault,  but  east- 
ward from  that  for  nearly  twenty  miles  its  rocks  are  those  covering  the 
surface,  thosa  of  the  Upper  Coal  Group  being  found  only  in  the  deeper 
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In  this  paper  the  terms,  Upp3r  Barren,  Upper  Coal,  Lower  Barren, 
and  Lower  Coal,  as  designations  of  the  several  groups  into  which  the 
C'oal  Measures  are  naturally  divided,  are  used  in  precisely  the  same  sense 
as  in  my  previous  paper. 

Upper  Barren  Group.  This  group,  which  includes  all  the  rocks 
above  the  Waynesbunj  (Joal'y  covers  a  lar^e  extent  of  territory,  whose 
western  line  is  the  Ellenboro'  fault.  The  eastern  outcrop  is  an  ill-defined 
line,  passing  a  little  west  from  Troy,  in  Gilmer  county  northward,  and 
coinciding  almost  with  the  western  line  of  Lewis  county.  It  crosses  the 
Northwestern  Railroad  near  Wolfe's  Summit,  eight  miles  from  Clarks- 
burg, and  running  irregularly  northeast,  reaches  the  Baltimore  and 
Ohio  Railroad  about  three  miles  north  from  Fairmont,  passing  finally 
into  Pennsylvania  nearly  four  miles  west  from  the  Monongahela  River. 

The  northwestern  boundary  in  Weit  Virginia  is  aline  passing  from  th» 
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Pennsylvania  border  near  the  junction  of  Ohio  and  Marshall  counties, 
West  Virginia,  to  a  little  below  Moundsville,  on  the  Ohio  River.  This  is 
the  overlying  group  in  Doddridge,  Tyler  and  Wetzel  counties,  as  well  as 
in  the  eastern  half  of  Rit  >hie  and  the  western  portions  of  Monongalia, 
Marion,  Harrison,  Lewis  and  Qilmer  counties. 

The  sudden  cutting  oflf  of  this  group  by  the  Ellenboro'  fault  and  the 
consequent  wearing  away  of  the  rocks  by  erosion  prevent  us  from  ob- 
taining as  full  a  section  along  this  line  as  may  be  found  farther  north. 
The  succession  as  observed  here  is  as  follows  : 

Ft.      In. 

1.  Sandstones  and  shales 400 

2.  Black  shale 2' 

3.  Coal  •'Brownsville'* 3' 

4.  Shale : 20'  j 

5.  Sandstone 5-15  t     Interval,  38  ft.  to  28  ft. 

6.  Shale 3  J 

7.  Coal 2 

8.  Shale 20  | 

9.  Sandstone  and  some  shale.. . .       55  f     l^^^^rval,  75  ft. 

The  total  thickness  of  the  group  as  here  exposed  is  only  five  hundred 
and  twenty  feet.  For  comparison,  I  present  a  condensed  form  of  the 
excellent  section  worked  out  by  Mr.  I.  C.  Wdite,*  in  southwestern 
Pennsylvania  and  northwestern  West  Virginia  : 

Ft.        In. 

1.  Sandstones  and  shales, 300  \ 

2.  Limestone 1  6     [         491 J  ft. 

3.  Sandstone 190  J 

4.  Coal 1  6 

5.  Sandstone 95  \      Interval,  95  ft. 

6.  Coal 2 

7.  Shale  and  sandstone 85  \ 

8.  Limestone 3  >     Interval,  1 28  ft. 

9.  Shale 40  J 

10.  Coal 1  4 

11.  Shale 10  \ 

12.  Limestone 2  >     Interval,  52  ft. 

13.  Shale 40  J 

14.  Coal  "  Brownsville  "   2-3  0 

15.  Shale 20  \     Interval,  20  ft. 

16.  Coal 1 

ll'f^Jf •     ^'^  \     Interval,  00-65  ft. 

18.  Sandstone 45-50  ) 

In  this  section  the  total  thickness  is  eight  hundred  and  sixty  feet.     It 
»  Annals  Lyceum  of  Xat.  Hist  ,  Vol.  XI.  p.  46. 
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will  be  seen,  however,  that  in  my  section  the  strata  reach  far  enough  up 
to  include  a  portion  of  No.  3,  in  Mr.  White's  section,  so  that  sufficient 
is  found  in  the  south  to  afford  material  for  comparison  of  conditions  in 
the  two  areas.  It  is  noteworthy  that  the  interval  between  the  Waynes- 
burg  and  the  Brownsville  is  much  greater  in  the  southern  than  the  north- 
ern section. 

No.  1  of  the  section  is  entirely  free  from  limestone,  and  consists  of 
compact  sandstones  and  loose  shales.  At  the  east,  the  sandstones  greatly 
preponderate,  and  are  very  coi*rse  in  grain.  Westward  they  diminish  in 
quantity  and  are  replaced  by  the  shales.  These  are  reddish  gray  to 
yellow  and  usually  quite  fissile.  The  whole  series  is  finely  exposed  along 
the  Northwestern  pike,  about  four  miles  west  from  Salem,  where  t^e  road 
descends  a  long  steep  hill  and  is  merely  a  shelf,  cut  out  of  these  rocks. 
Near  Cherry  Camp,  thirteen  miles  west  from  Claiksburg,  the  base  of  the 
series  is  a  bright  yellow  fissile  shale,  twehty  feet  thick,  containing  many 
crushed  specimens  of  an  aviculopecten.  This  shale  is  not  persistent, 
being  wanting  at  all  exposures  examined  farther  to  the  west.  The  other 
strata  seem  to  be  entirely  free  from  fossils. 

Along  the  Northwestern  Railroad,  the  Brownstille*  coal  is  first  seen  at 
the  cast  end  of  Brandy  Gap  Tunnel,  ten  miles  west  fi  om  Clarksburg. 
There  it  was  worked  formerly,  but  the  banks  have  been  long  deserted 
and  no  measurement  can  be  made.  At  the  west  end  of  the  tunnel  the 
coal  is  seen  about  twenty  feet  above  the  track  and  nearly  three  feet  thick. 
Near  Chen*y  Camp,  one  mile  beyond,  it  has  been  worked  in  the  creek 
bank  by  stripping.     It  shows  there 

Shale,  2  ft.;  Goal^  9  in.;  Bony  Coal,  5  in.;  Coal,  14-16  in.;  total,  2  ft.  6  in. 

The  shale  is  full  of  vegetable  impressions,  some  of  which  are  very  fine. 
If  this  shale  could  be  reached  farther  in  the  bank,  where  it  has  not  been 
exposed  to  the  action  of  the  weather,  the  locality  would  no  doubt  yield 
some  excellent  material  to  the  palseo-botanist.  The  coal  is  said  to  be  of 
very  fair  quality.  Some  taken  from  the  same  bed  where  it  lies  exposed 
in  the  stream,  about  one-fourth  of  a  mile  farther  west,  is  said  to  have 
been  very  good. 

The  next  exposure  was  found  on  the  Northwestern  pike,  somewhat , 
more  than  five  miles  west  from  Salem.     The  bed  is  there  more  complex 
than  at  Cherry  Camp,  and  shows  the  following  section : 

Coal,  9  in.;  Shale,  2  ft.;  Bituminous  shale,  1  ft;  Clay,  3  in.;  Coaly  1  ft.  to 

1  ft.  0  in. 
The  sandstone  rests  directly  on  the  coal.  The  bituminous  shale  con- 
tains many  thin  plates  of  coal  and  is  so  carbonaceous  throughout  that  it 
will  bum,  though  poorly.  The  coal  is  said  to  be  quite  good,  and  is 
mined  by  stripping.  Near  the  railroad  crossing,  two  miles  east  from 
Smith  ton,  this  bed  was  formerly  worked.      At  Smith  ton  its  outcrop  is 

*  So  named  by  Mr.  White,  from  It8  importance,  near  Brownsville,  Monongalia  county, 
West  Virginia. 
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8een  one  hundred  and  fifteen  feet  above  the  Waynesburg,  and  near  West 
Union  it  was  observed  in  a  railroad  cutting,  where  it  appears  to  be  about 
one  foot  thick  and  single. 

Near  Pennsboro'  an  old  opening  is  seen  twenty  feet  below  the  level  of 
the  railroad.    We  there  find  the  following  section: 

Sandstone,—;  Shale,  10  ft.;  Coal,  1  ft.  10  in.;  Compact  clay,  3-6  in.; 

Coal,  8  in. 

The  overlying  shale  is  argillaceous  below,  but  becomes  arenaceous 
above  and  passes  gradually  into  sandstone.  The  rooks  are  well  exposed 
in  the  vicinity  for  nearly  two  hundred  and  fifty  feet  above  the  bed  and 
are  wholly  sandstone  and  arenaceous  shale.  The  coal  seems  to  be  quite 
good  and  must  contain  very  little  pyrites.  The  bank  has  been  deserted 
for  nearly  twenty  years,  yet  fragments  lying  on  the  dump  are  as  sound 
and  fresh-looking  as  though  they  had  been  thrown  out  within  two  or 
three  days.  The  same  bed  is  mined  somewhat  on  the  other  side  of  the 
railroad.  The  coal  is  compact,  open-burning,  and  leaves  a  pulverulent 
ash,  quite  bulky  but  not  heavy.  The  bed  can  be  traced  in  the  vicinity 
of  the  railroad  almost  to  EUenboro'.  The  blossom  is  seen  near  the  junc- 
tion of  the  Northwestern  pike  and  the  Harrisville  road.  Near  Harrisville 
its  place  is  shown  by  a  line  of  springs.  On  the  Staunton  pike  it  was  seen 
only  near  Smith ville,  in  Ritchie  county,  where  it  is  one  foot  thick. 

The  small  coal,  No.  7,  was  observed  only  in  the  deep  cut  at  the  east  end 
of  Brandy  Gap  tunnel. 

The  shale  underlying  the  Brownsville  coal  is  variable  in  character  and 
thickness.  Occasionally  the  whole  mass  for  thirty-five  feet  is  argillaceous, 
blue  to  gray  or  drab,  and  quite  thinly  laminated.  At  other  times,  the 
whole  interval  between  the  Brownsville  and  the  Waynesburg  is  occupied 
by  a  coarse  sandstone. 

The  Waynesburg  sandstone,  No.  9,  is  a  well  marked  and  very  persist- 
ent member  of  the  series.  It  is  ordinarily  a  compact  and  fine-grained 
.sandstone,  and  at  no  place  along  the  railroad  is  it  at  all  conglomerate. 
Near  Brandy  Gap  tunnel,  where  it  has  been  largely  quarried  by  the  rail- 
road company,  its  lower  portion  is  somewhat  flaggry.  At  Long  Run, 
Smithton  and  West  Union,  it  stands  out  in  cliffs  upon  the  hill  sides,  and 
is  compact  throughout.  On  the  Scaunton  pike,  it  may  be  seen  just  west 
from  Troy,  where  it  is  somewhat  coarser  than  at  the  localities  just 
mentioned. 

Upper  Coal  Group.  Under  this  name  are  included  all  that  seiies  of 
rocks  beginning  with  the  Pittsburg  and  ending  with  the  Waynesburg  coal. 
Along  the  Northwestern  Railroad  the  group  is  well  exposed  from  Clarks- 
burg west.     The  general  section  is  approximately  as  follows  : 
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Interval,  132  ft. 


\     Interval,  41  ft. 


Interval,  20  fh. 


FL 

1.  Wayneshvrg  Coal 4 

2.  Shale 8' 

8.  Limestone  and  shale 6 

4.  Argillaceous  shale 20 

5.  Limestone 1 

6.  Arenaceous  shale 80 

7.  Limestone  and  shale 7 

8.  Variegated  shale 8 

0.  Dark  shale 6 

10.  Sandstone 40 

11.  Shale 6 

12.  Sewiekly  Coal 2-3 

13.  Shale 41 

14.  Redstone  Coal 3-2 

15.  Fii-e-clay 2 

16.  Limestone  and  shale 8 

17.  Shale 10'     .         J 

18.  PitUhurg  Coal 6-9 

The  interval  between  the  Wayneshurg  and  the  Sewiekly  is  very  much 
smaller  than  in  the  northern  portion  of  the  State,  where  it  varies  from 
one  hundred  and  seventy-five  to  two  hundred  feet,  averaging  about  one 
hundred  and  eighty  feet.  Near  Morgantown,  this  interval  is  one  hun- 
dred and  eighty,  at  Fairmont  almost  the  same,*  at  Clarksburg  one  hun- 
dred and  sixty,  and  ten  miles  west  from  Clarksburg,  as  given  in  the  section 
above.  The  interval  seems  to  decrease  in  this  direction.  Were  this 
evidence  absent,  the  character  of  the  bed  itself  would  leave  no  room  for 
doubt  respecting  its  identity  with  the  Waynesburg. 

No  satisfactory  exposures  of  this  coal  were  observed  except  near  the 
railroad.  Its  blossom  is  seen  on  the  north  side  of  the  railroad  near  Clarks- 
burg, at  one  hundred  and  sixty  feet  above  the  Sewiekly,  It  is  worked 
slightly  at  about  nine  miles  west  from  Clarksburg,  where  it  shows  four 
feet  of  coal,  divided  nearly  midway  by  a  clay  parting  one  foot  thick. 
From  this  point  westward,  it  was  not  seen  until  within  two  or  three 
miles  of  Smithton,  where  there  have  been  numerous  openings,  nearly  all 
of  them  now  deserted.  At  all  of  these,  the  bed  is  overlaid  by  twelve  feet 
of  dark  argillaceous  shale,  containing  vegetable  impressions  and  holding 
midway,  a  layer  of  calcareous  iron  ore.  At  Smithton,  the  coal  is  worked 
by  Mr.  Smith,  at  whose  bank  the  following  structure  is  shown  : 

Shale,  with  vegetable  impressions,  4  ft.;  Coal,  2  ft.  2  in.;  Clay,  3  in.; 
Coal,  2  in.;  Cannel,  3  in.;  Shale,  dark-gray,  fissile,  8  ft.;  Coal,  1  ft.  6  in. 

The  coal  is  not  very  good,  owing  to  the  consideiable  proportion  of  sul- 
phur.    The  bottom  layer  yields  the  best  fuel,  but  as  it  is  mined  by  strip- 

«' Ttic  Sewiekly  has  not  been  M*«n  at  Fiiirniont,  and  thi)«  calculation  iti  lta!>e<l  on  th«* 
relation  of  the  WayneHbnri?  to  the  Ke<li«tone. 
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ping  in  the  run,  the  saperiority  may  be  owing  entirely  to  removal  of  the 
pyrites  by  the  water.  The  same  bed  is  mined  somewhat  extensively  at 
West  Union,  where  one  finds 

Shale,  2  to  8  ft.;  Coal,  Cannel,  3  in.;  Clay,  2  in.;  Coal,  31  in. ;  Clay,  4-11 
in. ;  Coal,  6  in. ;  Fire-clay,  3  ft ;  Shale,  to  road,  7  ft. 

The  overlying  shale  is  drab  or  slate-colored,  quite  fissile,  and  cDn tains 
mnch  nodular  iron  ore.  It  exhibits  vast  numbers  of  vegetable  impres- 
sions, chiefiy  NeuropterU,  GyclopterU,  Peeopterii  and  Sphenophyllum. 
Many  of  these  are  beautifully  defined  and  equal  those  from  the  same 
horizon  in  Monongalia  county.  This  shale  varies  in  thickness  at  the  ex- 
pense of  the  sandstone  above  it.  The  fire-clay  underlying  the  coal  passes 
gradually  into  ferruginous,  slightly  arenaceous  shales,  below  which,  some 
limestone  is  seen  farther  up  the  stream.  The  upper  parting  in  the  bed 
occasionally  shows  leaf-prints.  The  lower  parting  is  variable  in  thickness, 
and  sometimes  holds  two  sheets  of  coal,  each  one  inch  thick.  The  main 
coal  is  very  hard,  evidently  open-burning  and  bears  much  resemblance 
to  semi-cannel.  It  is  said  to  be  an  excellent  fuel.  Though  showing  but 
little  pyrites,  when  freshly  mined,  it  becomes  streaked  with  copperas 
when  exposed  to  the  weather.  In  this  vicinity  the  bed  is  cut  by  numer- 
ous vertical  seams  of  drab  clay,  which  are  quite  distinct  in  the  solid 
coal. 

Along  the  Staunton  pike  this  bed  is  much  degraded.  Several  openings 
have  been  made  ui>on  it  between  Smithville  and  Troy,  but  it  nowhere 
exceeds  two  feet.  At  a  short  distance  east  from  Harrisville,  in  Ritchie 
county,  it  is  found  varying  from  six  to  eighteen  inches  in  thickness. 

Northward  from  the  railroad  this  coal  steadily  increases  in  thickness 
until  near  the  State  line  it  averages  more  than  eight  feet,  varying  from 
eight  to  eleven.  It  is  rarely  single,  usually  double,  and  frequently 
triple. 

The  rocks  occupying  the  interval  between  the  Waynesburg  and  the 
Sewiekly,  show  variations  which  deserve  some  considVsration.  Near  the 
State  line  on  the  Monongahela  River  we  find  here,  fifty-six  feet  of  lime- 
stone, and  at  Wheeling  there  is  one  mass  of  limestone  and  calcareous 
shale,  fully  one  hundred  feet  thick.  At  both  localities  much  of  the 
limestone  is  compact  and  quite  pure.  Along  the  Northwestern  pike  and 
the  railroad,  not  more  than  sixteen  or  twenty  feet  of  limestone  can  be 
found,  and  most  of  this  is  so  poor  that  it  ought  rather  to  be  called  a 
compact  calcareous  shale.  Still  farther  south,  along  the  Staunton  and 
Parksburg  pike,  not  one  foot  of  limestone  was  observed  in  this  interval. 
From  the  northern  portion  of  the  State  to  the  railroad,  the  limestone 
diminishes  and  gives  place  to  shale,  but  from  that  line  southward  the 
shale  apparently  disappears,  and  sandstones  appear  instead.  Along  the 
railroad  the  limestones  were  seen  near  Wolfe^s  Summit,  near  Smithtou 
and  West  Union.     Traces  of  them  occur  east  from  Harrisville. 

The  Sewiekly  coal  was  identified  at  only  two  localities.  At  Clarksburg, 
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it  occars  two  feet  six  inches  thick,  and  seventy  feet  above  the  Pittsburg. 
No  attempt  has  been  made  to  ascertain  its  value.  On  Wolfe's  Sommif, 
eight  miles  west  from  Clarksburg,  the  coal  is  only  two  inches  thick.  This 
bed  seems  to  have  as  little  persistence  as  the  coals  of  the  Barren  Group, 
when  traced  southwardly.  It  has  not  been  found  at  Fairmont,  in  Marion 
county.*  No  traces  of  it  occur  along  the  Staunton  pike,  in  Gilmer 
county,  and  I  cannot  speak  with  certainty  respecting  its  presence  in 
either  Lewis  or  Upshur  county.  It  is,  however,  by  no  means  improbable 
that  the  small  coal  above  the  Pittsburg  in  the  latter  county,  is  the 
Sewickly,  and  not  the  Redstone. 

The  interval  between  the  Sewickly  and  the  Redstone  is  entirely  free 
from  limestone.  It  is  occupied  by  shale,  none  of  which  is  calcareous. 
At  Wheeling  this  space  is  filled  with  limestone,  and  on  tbe  Monongahela 
River  near  the  State  line,  it  contains  thirty-one  feet  of  limestone.  On 
the  Staunton  pike  the  shales  are  replaced  by  Aaggy  sandstones. 

The  Redstone  is  a  wide-spread  and  persistent  coal,  though  rarely  of 
economical  value  in  West  Virginia.  At  Fairmont,  in  Marion  county,  it 
is  three  feet  thick  and  of  good  quality,  but  is  not  mined.  Between  that 
town  and  Clarksburg,  its  blossom  is  frequently  seen  in  the  roadside,  and 
at  the  latter  place  it  is  six  inches  t^ick  at  the  outcrop.  At  Wilsonburg, 
four  miles  west  from  Clarksburg,  it  is  barely  one  foot  thick,  while  at 
Coketon,  two  miles  beyond,  it  is  four  feet,  and  of  excellent  quality. 
Where  last  seen  toward  the  west,  at  Wolfe's  Summit,  it  is  only  three 
inches  thick.  A  thin  coal,  varying  from  one  to  two  feet,  is  found  above 
the  Pittsburg  in  Upshur  county.  Whether  or  not  this  is  the  Redbtone,  the 
material  in  my  i>ossession  is  not  sufficient  to  decide. 

The  rocks  occupying  the  interval  between  the  Redstone  and  the  Pitti- 
burg  are  subject  to  great  variations  in  character  and  thickness.  At  Fair- 
mont the  interval  is  eighty  feet,  at  Pruntytown,  seventy-five,  at 
Bridgeport,  sixty-five,  and  at  Weston,  somewhat  less.  At  all  of  these 
localities  which  lie  along  a  nearly  northeast  and  southwest  line,  the  in- 
terval is  occupied  by  sandstone  and  shale  at  the  base,  and  limestone  on 
top.  Westward  from  such  a  line  passing  through  Morgantown,  Fair- 
mont, Bridgeport  and  Weston,  the  distance  between  tbe  coals  rapidly 
diminishes.  At  Clarksburg,  it  is  twenty-five  feet,  occupied  by  shale  or 
sandstone  ;  at  Wilsonburg,  it  is  the  same,  filled  with  argillaceous  shale  ; 
at  Coketon,  it  is  twenty- eight  feet ;  while  at  Wolfe's  Summit,  it  is 
twenty  feet,  the  rocks  being  shale  and  limestone.  A  similar  condition 
exists  in  the  vicinity  of  Morgantown,  as  stated  in  my  previous  paper. 

The  limestone  disappears  altogether  before  reaching  the  Staunton  pike, 
so  tliat  with  the  exception  of  a  few  scattered  nodules  no  limestone  oooan 
among  the  strata  of  this  group  along  that  Ulo. 

*  In  my  previous  paper,  I  nUktod  that  it  occurrcil  at  Fairmont.  I  had  misunderstood 
the  statement  mode  to  me  by  Ex-Oovornor  Piorpoint,  respecting  the  coals  of  that 
▼lolnlty. 
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PitUburg  Coal.  The  eastern  limit  of  this  bed  aside  from  small  out- 
lying areas,  is  marked  by  a  line  beginning  near  Cheat  River,  on  the 
Pennsylvania  border,  and  extending  west,  of  south  to  Fairmont,  and 
crossing  the  Tygarts*  Valley  River,  a  little  above  that  town.  Thence 
irregularly  to  Pruntytown,  where  it  turns  east  by  south  to  Flemington. 
'  From  this  point  it  follows  a  south-southeast  course,  almost  to  Tygarts' 
River,  thence  southward,  crossing  the  Bnckhannon  River  near  the  Up- 
shur county  line.  There  it  again  turns  east  by  south,  and  so  continues 
almost  to  the  middle  fork  of  that  river,  when  the  course  changes  to 
southwest,  and  so  remains  to  the  line  between  Upshur  and  Lewis  coun- 
ties. From  this  locality  to  where  the  bed  crosses  Pocatalico  Creek  near 
the  Great  Kanawha  River,  I  have  not  followed  it.  The  extreme  eastern 
exposure  occurs  in  Upshur  county,  about  five  miles  east  from  Bnckhan- 
non, on  the  Staunton  pike. 

The  extreme  western  line  of  exposure  begins  at  the  Pennsylvania  line, 
nearly  two  miles  west  from  Monongahela  River,  crosses  that  river  about 
a  mile  below  Fairmont.  It  lies  a  little  west  from  the  West  Fork  River, 
crossing  Harrison  county  from  Shinnston  to  Wolfe's  Summit,  on  the 
Northwestern  Railroad.  Thence  it  runs  south  west  ward  through  Lewis 
county,  reaching  Gilmer,  near  Troy,  on  the  Staunton  pike,  and  crossing 
the  Little  Kanawha,  just  below  Glenville. 

Owin^  to  the  abruptness  of  the  Laurel  Hill  anticlinal,  the  area  in 
which  this  bed  is  available  is  very  narrow  at  the  north,  hardly  more  than 
six  or  seven  miles  wide.  Southward  the  anticlinal  becomes  gentler  and 
this  area  rapidly  increases  in  width  until  along  the  Staunton  pike  the 
coal  is  available  for  a  distanca  of  nearly  forty  miles.  The  bed  attains  its 
greatest;  thickness  toward  the  north,  and  diminishes  toward  the  south 
and  southeast. 

In  Monongalia  county,  this  bed  is  double,  except  where  overlaid  by 
sandstone.  This  characteristic  prevails  in  Pennsylvania  and  Ohio,  as 
well  as  in  the  Ohio  Panhandle  of  West  Virginia.  But  southward  from 
Fairmont  thisdivision  is  rarely  marked  by  a  distinct  clay  parting,  though 
the  difference  between  the  upper  and  lower  benches  sufficiently  proves 
that  the  bed  is  still  double.  Occasionally,  however,  as  at  Shinnston  and 
near  the  tunnel  east  from  Clarksburg  a  well-defined  clay  parting  sepa- 
rates the  two  branches. 

In  Upsher  county  the  openings  are  quite  numerous  in  the  vicinity  of 
Buckhannon,  and  the  PitUburg  is  the  only  source  of  supply  for  a  large 
ate».  The  coal  varies  from  three  feet  nine  inches  to  four  feet,  and  is  said 
to  be  of  very  fair  quality.  Though  the  parting  is  exceedingly  thin,  the 
upper  and  the  lower  benches  are  very  distinct,  the  former  being  hard  and 
leaving  a  bulky  red  ash,  the  latter  being  soft  and  clean,  yielding  a  white 
ash.  In  the  northern  part  of  the  county,  very  near  the  Barbour  county 
line,  the  coal  is  mined  on  the  Westfall  property,  where  it  shows 
Coal^  32  in.;  Parting^  ^  in.;  Goal,  34  in.;  total,  5  ft.  6  in. 

Though  very  thin,  the  parting  is  persistent.     The  upper  bench  is  quite 
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hard  and  c^iitaius  a  good  deal  of  bony  semi-cannel,  but  the  prox>ortioii  of 
good  clean  coal  is  quita  large.  It  burns  well,  but  leaves  a  bulky  ash. 
The  lower  bench  is  a  remarkably  clean  coal.  Layers  of  apparently  pare 
bitumen  are  seen,  two  to  four  inches  thick,  structureless,  showing  no 
lamination,  and  breaking  with  baautifully  conchoidal  fracture.  At  this 
opening  the  coal  is  exceedingly  good,  and  shows  no  pyrites  under  a  glass. 
It  does  not  disintegrate  upon  exposure,  nor  doejs  it  exhibit  Btr<*aks  of 
copperas.  Near  this  opsning  is  the  Connolly  bank.  At  the  time  when 
it  was  examined,  this  had  not  been  fully  opened,  and  only  five  feet  of 
coal  were  exposed.  The  appearance  is  somewhat  strange,  as  no  division 
into  benches  can  be  made  out,  and  the  bed  seems  to  be  homogeneous. 
The  coal  is  pure  throughout,  and  evidently  very  rich  in  volatile  combus- 
tible mUter.  The  c^al  from  these  banks  would  yield  an  excellent  coke, 
and  would  be  exceedingly  profitable  in  gas-making. 

In  Lewis  county,  this  bed  is  easily  accessible,  and  it  is  worked  quite 
extensively  to  supply  local  demand.  Openings  were  examined  only  along 
the  Staunton  road,  though  many  were  seen  on  the  West  Fork  River, 
both  above  and  below  Weston.  In  the  central  portion  of  the  county  the 
thickness  varies  from  four  feet  six  inches  to  nearly  eight  feet,  increasing 
northward.  The  bed  is  apparently  single,  but  close  examination  shows 
the  existence  of  two  benches,  the  upper  being  invariably  harder  and  less 
pure  than  the  lower.  Owing  to  the  thinness  of  this  bed  in  the  southern 
portion  of  the  county,  many  persons  do  not  believe  it  to  be  the  PUUburg^ 
but  refer  to  that  horizon  the  Upper  Freeport,  which  appears  to  be  quite 
thick  in  the  river  near  Weston. 

In  Gilmer  county  the  coal  is  mined  near  Glenville,  where  it  is  from 
four  to  five  feet  thick.  About  one  mile  east  from  Troy,  an  opening  shows 
tthe  following  section  : 

rShale,  gray,  8  ft.;  Coal,   29  in.;  Parting,   J  in.;  Coaly   38  in.;  total, 

5  ft.  7i  in. 

The  coal  is  very  good  and  shows  but  little  pyrites.  The  upper  bench 
is  quite  compact  and  leaves  a  red  ash.  The  lower  is  softer  and  bums 
more  readily,  leaving  a  not  bulky,  white  ash.  About  one-half  mile 
farther  eant  is  a  bank  in  which  the  coal  is  seven  feet  at  the  mouth,  and 
farther  in  is  said  to  reach  nine  feet.  Near  the  county  line  the  ooal  is 
again  opened,  but  there  it  is  barely  five  feet  thick. 

In  Harrison  county,  openings  are  quite  numerous  along  the  railroad, 
and  the  coal  is  mined  extensively  for  shipment.  Notwithstanding  the 
presence  of  a  good  deal  of  pyrites,  it  finds  a  ready  market  as  a  gat 
ooal. 

At  Clarksburg,  one  of  the  most  extensive  openings  shows  the  structure 
of  the  bed  as  follows  : 

Coal,  3  ft.  ()  in.;  Parting,  i  in.;  Coal,  5  ft.  4  in.;  total,  8  ft.  10  In. 

Excepting  four  inches  at  the  bottom,  the  lower  bench  is  a  fine  clean 
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coal,  while  the  upper  bench  U  somewhat  bony,  quite  hard  and  bears 
much  resemblance  to  the  ordinary  roof  coal  of  this  bed  as  seen  farther 
north  and  northwest.  The  parting  varies  from  j^  in.  to  1^  in.  and  is  per- 
sistent in  all  the  openings  in  this  vicinity.  In  the  lower  bench  there 
occur  three  thin  partings,  twelve,  fifteen  and  eighteen  inches  respectively 
from  the  bottom,  between  which  is  the  soft  coal,  the  '*bearing-in  bench*' 
of  the  miner.  The  character  of  this  lower  bench  is  precisely  the  same 
with  that  of  the  lower  division  of  the  Pittsburg  throughout  northern 
Ohio.  Some  pyrites  occur  here,  but  the  quantity  is  not  great.  The 
upper  bench  contains  a  layer  of  '^  slate,"  four  inches  thick  and  irregular 
in  its  place.  On  the  north  side  of  the  railroad  the  seam  is  much  troubled 
by  sandstone  horsebacks,  some  of  which  are  quite  extensive,  having 
been  traced  for  more  than  half  a  mile  across  the  entries  of  different 
openings.  In  one  bank  such  a  horseback  was  found,  eight  feet  wide.  It 
was  followed  for  five  hundred  yards,  but  showed  no  sign  of  thinning  out. 
Along  the  whole  distance,  it  has  not  only  cut  out  the  coal,  but  has  also 
trenched  the  fire-clay  and  sandstone  below.  It  is  said  to  be  more  com- 
pact than  the  overl}  ing  sandstone. 

At  Wilsonburg,  four  miles  west  from  Clarksburg,  the  coal  shows  an 
average  thickness  of  seven  feet  six  inches,  but  near  the  mouth  of  the 
main  entry  increases  to  eight  feet  four  inches.  The  parting  is  black  clay, 
and  varies  from  ^  to  2  in.  The  coal  at  the  base  for  one  foot  is  very  poor 
and  hardly  marketable,  but  the  remainder  of  the  lower  bench  is  a  very 
fine  coal,  containing,  it  is  true,  much  nodular  pyrites  ;  but  this  is  eaeily 
separated.  There  are  no  well-defined  minor  partings  in  this  bench. 
The  upper  bench  is  quite  hard  and  contains  much  splint  coal.  It  is  said 
to  be  quite  as  good  for  gas-making  as  the  lower  portion  is,  so  that  all 
parts  of  the  bed  are  shipped  together,  the  single  foot 'at  the  base  except- 
ed, as  that  is  too  sulphurous. 

At  Coketon,  the  bed  varies  from  five  to  seven  feet.  For  three  inches 
at  the  bottom  the  coal  is  very  bad,  but  the  whole  bed  above  is  taken  out 
for  shipment.  The  upper  bench  is  heavy,  compact  and  leaves  much  ash. 
The  pai-ting  is  one  inch  thick  and  consists  of  hard  carbonaceous  clay. 
Pyrites  occur  plentifully  throughout  the  bed.  but,  being  in  nodules,  is 
readily  removed.    The  roof  is  a  slickensided  clay. 

Where  the  bed  disappears,  near  Wolfe's  Summit,  it  is  six  feet  thick 
and  roofed  with  ten  feet  of  argillaceous  shale.  East  from  Clarksburg,  it 
is  mined  at  Bridgeport  and  several  other  localities,  but  only  to  supply 
local  demand.  Numerous  banks  are  worked  in  a  small  way  along  the 
West  Fork  River,  and  on  the  road  to  Shinnston,  in  this  county.  They 
show  no  material  difference  from  those  already  described. 

In  Taylor  county,  openings  were  seen  near  Pruntytown  and  Fleming- 
ton,  in  each  case  near  the  eastern  outcrop  of  the  coal.  At  Pruntytown, 
the  bed  is  single  and  nearly  eight  feet  thick.  Above  it  is  a  dull  reddish- 
gray  shale,  on  which  rests  a  massive  sandstone.  The  coal,  for  the  most 
part  is  somewhat  inferior  here,  as  the  roof  is  very  thin  and  usually  not 
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soun'l.  At  Fltrmiugtou  tbo  thickaess  is  eight  feet.  There  are  no  dis- 
tinct partings,  and  the  roof  is  ashaly  sandstone,  which  occasionally  forms 
a  troublesome  horseback.  The  coal  from  the  banks  here  is  said  to  be 
very  good  ani  to  command  a  ready  market  for  use  in  gas-making. 

Lower  Bakren  Group.  It  will  be  lemembered  that  in  the  section 
given  in  my  former  paper,  eight  strata  of  limestone,  having  in  all  a 
maximum  thickness  uf  thiity  feet,  were  represented  as  belonging  to  this 
group.  These  disappear  southwardly,  so  that  at  Clarksburg  only  two  re- 
main, one  underlying  the  Pittsburg  coa\,  and  the  other  about  one  hundred 
feet  below  it.  Still  farther  south,  in  Lewis  county,  we  find  that  only  the 
upper  one  holds  out,  and  that  disappears  long  before  reaching  the  Great 
Kanawha  River.  Even  the  fossiliferous  limestone,  which,  in  the  Ohio 
Reports,  I  have  named  the  Crinoidal  Limestone,  thins  out  finally  before 
reaching  the  Northwestern  Branch  of  the  Baltimore  and  Ohio  Railroad, 
though  it  is  persistent  in  Ohio,  Pennsylvania  and  northern  West  Virginia. 
The  fossiliferous  shales  accompanying  this  limestone  were  traced  to  near 
Pnmtytown,  in  Taylor  county,  beyond  which,  southward,  they  were  not 
seen.  Not  far  from  Pruntytown,  they  yield  baautiful  specimens  of  Pro- 
ductus  prattenianuSy  Nucula  ventricosUj  Nucula  (/)  anodontoides,  Toldia 
earbonaria,  Yoldia  stevensont'y  EdmondiaaspenwalensiSj  Pleurolomaria  (f) 
tumidas^nd  Bellerophon  mcekianus. 

Southward  to  the  railroad  and  east  from  the  Laurel  Ilill  axis,  the 
shales  increase  greatly,  but  farther  toward  the  south  and  especially  along 
the  axial  lino  they  are  replaced  by  sandstone,  so  that  on  the  Staunton 
pike,  where  the  whole  section  is  fully  exposed  for  three  hundred  feet 
below  the  Pittsburg  coal,  the  only  rocks  are  sandstones.  Eist  from  the 
axis  the  shales  predominate,  and  for  the  most  part  are  of  a  deep  brick- 
red  color.  The  same  color  characterizes  them  in  the  disturbed  region 
at  the  west. 

In  Upshur  and  Randolph  counties,  between  Buckhannon  and  Beverly, 
the  Lower  Barren  Group  seems  to  contain  no  coal,  but  in  the  vicinity  of 
the  former  village,  there  is  a  small  seam  about  forty  feet  belew  the  Pitt$' 
burg.  Between  Buckhannon  and  Clarksburg  another  is  seen  about  one 
hundred  feet  below  that  coal,  and  it  occurs  also  at  the  latter  place. 

The  thickness  of  this  group  shows  little  variation  along  the  eastern 
border,  and  is  not  far  from  four  hundred  feet. 

Lower  Coal  Group.  In  Upshur  and  Randolph  counties,  it  is  im- 
possible to  procure  a  detailed  section  of  this  group  without  the  expendi- 
ture of  very  much  more  time  than  was  at  my  disposal.  The  whole 
country  is  deeply  buried  under  debris,  and  connected  exposures  are  rare. 
The  rapid  and  somewhat  irregular  increase  of  dip  near  Rich  Mountain, 
and  the  long  stretches  of  *' concealed,''  along  the  roads  and  streams 
render  the  building  of  a  section  exceedingly  difficult.  It  is,  however, 
sufficiently  evident  that  this  group,  barely  two  hundred  feet  thick,  near 
the  Pennsylvania  line,  has  rapidly  developed  so  as  to  be  in  these  eounties 
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scarcely  less  thick  than  on  the  Great  Kanawha  River,  where  it  is  nearly 
nine  handred  feet  from  the  Conglomerate  to  the  top  of  the  Mahoning 
Sandstone.  The  following  partial  section,  beginning  with  the  Mahoning 
Sandstone,  is  said  to  have  been  obtained  in  a  salt  well  bored  on  Buck- 
hannon  River: 

1.  Rock 60  ft. 

2.  Coal 15ft. 

3.  Shale  82  ft. 

4.  Sandstone 40  ft. 

5.  Coal 4  ft. 

6.  Rock 160  ft. 

7.  Coal 4  ft. 

8.  Sandstone 40  ft. 

9.  Coal 3  ft. 

10.   Sandstone 120  ft. 

Total 478  ft. 

The  boring  clearly  stopped  far  short  of  the  base  as  it  did  not  reach  Che 
large  and  very  persistent  coal  bed  resting  on  the  Conglomerate.  As 
nearly  as  can  be  determined,  the  thickness  of  the  whole  group  is  not  far 
from  seven  hundred  feet. 

No.  1  of  the  section,  the  Mahoning  Sandstone,  is  ordinarily  separated 
fh>m  the  underlying  coal  by  from  six  to  ten  feet  of  shale.  It  is  a  c  )ar8e 
sandstone,  with  numerous  lines  of  pebbles,  arranged  parallel  to  the 
general  plane  of  bedding.  Some  portions  show  extensive  cross-bedding, 
and  occasionally  the  rock  is  a  coarse  conglomerate.  It  is  of  uneven 
texture,  and  weathers  into  irregular  cavities.  Rude  casts  of  veg^.table 
stems  are  of  common  occurrence,  and  a  thin  coal  is  sometimes  found 
about  forty  feet  from  the  base. 

No.  2  is  the  Upper  Freeport  Coal,  Its  changes  in  Upshur,  Randolph 
and  Barbour  counties  are  very  interesting.  East  from  Buckhanuon,  on 
the  Beverly  road,  it  is  first  seen  at  the  Sand  Run  crossing,  in  a  deserted 
opening.  The  shale  above  it  is  dark,  fissile,  and  about  seven  feet  thick. 
Above  this  is  the  Mahoning  Sandstone.  The  first  satisfactory  exposure 
is  on  Roaring  Creek,  at  the  foot  of  Rich  Mountain,  where  the  coal  is 
worked  and  sliows  the  following  section  : 

Ft.         In, 

1.  Shale,  drab,  argillaceous 10 

2.  Coal 4 

8.  Shale,  dark,  argillaceous 2  4 

4.  Coal 10 

5.  Clay,  carbonaceous  1 

6.  Coal  10 

7.  CUy i 

8.  Coal 9 
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Ft.  In. 

9.  Clay i 

10.  Coal,  semi-oannel 1  1 

11.  Clay i 

12.  Coal^  mostly  Bemi-cannel 3  2 

13.  Clay,  slickensided 4 

14.  Goal  \ 1  9 

15.  Shale,  drab  4 

16.  Coa{,  poor,  seen 1  11 

Total 

Of  this  section,  the  portion  from  No.  4  to  No.  14,  inclusive,  yields  a 
coal,  fairly  good,  but  of  very  uneven  quality.  It  is  a  good  fuel,  and  care- 
lessly examined,  appears  to  be  quite  clean.  Under  a  glass  it  shows  many 
minute  crystals  of  pyrites,  and  when  exposed  to  the  weather,  soon  be- 
comes streaked  with  copperas,  so  that  its  commercial  value  is  at  least 
doubtful.  On  Sand  Run,  several  miles  south  from  the  crossing  of  the 
Beverly  road,  a  remarkable  expansion  of  the  bed  is  exposed  in  the  bank 
of  the  stream.     The  section  is  as  follows  : 

Ft,  In. 

1 .  Bituminous  shale 5 

2.  Coal 7 

3.  Cannel,  poor 2  6 

4.  Shale,  slightly  carbonaceous 4 

5.  (7<?ai,  slaty  1  10 

6.  Shale,  slightly  carbonaceous 1  3 

7.  Coal,  partly  cannel 2  2 

8.  Clay,  drab 8 

9.  Coal,  bony (5 

10.  Clay 8 

11.  Coal,Bl&tj 1  1 

12.  Clay,  with  streaks  of  Coal 1  2 

Total. 21  ft.     6  in. 

In  all  this,  the  only  coal  which  is  fit  for  any  purpose  is  No.  7,  and  e^en 
that  is  good  for  fuel  only  in  case  nothing  else  can  be  had.  Yet  this 
enormous  mass  of  bituminous  shale  and  bad  coal  has  aroused  great  ex- 
pectations throughout  Upshur  county.  Its  vadtness,  as  reported  on  by  a 
voluntary  committee  of  the  IjCgislature,  is  said  to  have  caused  a  number 
of  the  legislators  to  look  with  favor  upon  Buckhannon  as  the  site  for  the 
State  Capital.  The  prevailing  opinion  respecting  this  bed  is  that  its 
value  is  incalculable,  whereas  it  is  utterly  worthless.  Passing  over  to 
Grassy  Run,  another  tributary  to  Buckhannon  River,  we  find  this  bed 
mined  on  the  property  of  Mr.  0.  Marple.  Only  a  i>ortion  is  exposed, 
giving  the  following  section  : 
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Ft.  In, 

1.  Arenaceous  shale 4 

2.  Bony  Coal 8 

3.  Parting J 

4.  Coal 11 

5.  Clay  parting ^ 

6.  Bony  Coal 6 

7.  Slate 11 

8.  Bony  Coal 1  4 

The  coal  from  this  bank  is  not  very  highly  esteemed.  About  a  mile 
farther  down  the  ruo,  an  exposure  in  a  blufif  is  as  follows: 

Ft,  In, 

1.  Cannely  very  i)oor 4 

2.  Coaly  bony 1  U 

8.  Clay,  fclickensided ! 2  2 

4.  Coal,  semi-cannel 8 

5.  Shale,  carbonaceous 3 

6.  Sandstone SJ 

7.  Coal 4 

8.  Cannelf  poor 1  1 

9.  Coaly  slaty 11 

10.  Coaly  good  1  4 

11.  Clay 9 

12.  Coalyhouy 4 

13.  Clay 6 

14.  Coal 5 

15.  Shale,  drab 8 

16.  Coal 1  6 

17.  Clay,  slickensided  with  remains  of   plants 

and  streaks  of  coal,  seen 1 

.  Total 18  ft.      li  in. 

A  similar  section  occurs  on  Buckhannon  River  about  ten  or  eleven 
miles  above  the  village  of  Buckhannon,  but  it  is  unnecessary  to  give  it 
here.  The  coal  is  visible  at  many  points  along  Roaring  Creek  to  Tygart's 
River,  and  on  that  stream  to  within  a  few  miles  south  from  Grafton.  On 
Roaring  Creek,  Mr.  Jabez  WooUey  has  measured  it  at  three  exposures, 
where  he  .found  the  thickness  eight,  twelve  and  twenty  feet  respectively. 
Wherever  it  falls  below  twelve  feet,  it  contains  coal  in  sufficient  bulk  to 
be  workable.  The  quality  seems  to  be  quite  inferior  throughout  this 
region.  Ex-Gov.  Pier  point  informs  me  that  some  years  ago  it  was  pro- 
posed to  mine  this  bed  on  Tygart's  River,  seven  or  eight  miles  above 
Grafton.  The  coal  exhibited  was  very  handsome,  and  to  the  naked  eye 
showed  no  evidence  of  pyrites,  but  as  soon  as  it  was  put  under  a  glass  it 
proved  to  be  loaded  with  minute  crystals  of  that  mineral.  It  was  thought 
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uDnecessary  to  resort  to  chemical  analysis  for  further  information,  and 
the  enterprise  was  abandoned. 

Near  Weston,  in  Lewis  county,  this  coal  is  said  to  occur  in  the  bed  of 
West  Fork  River,  which  is  very  probable,  as  the  river  cuts  through  the 
Laurel  Hill  anticlinal  north  from  Weston.  Following  this  anticlinal 
northward,  we  lind  it  rapidly  increasing  in  sharpness,  so  that  at  Valley 
Falls,  where  it  is  cut  by  Tygart's  River,  the  Great  Conglomerate  is  in 
the  bed  of  the  stream,  and  the  Mahoning  Sandstone  barely  crosses  the 
crest  unbroken.  Near  this  point,  at  Nuzum's  Mills,  probably  forty  miles 
from  Weston,  the  following  section  of  the  Lower  Coal  Group  is  ob- 
tained:* 

Ft.        In, 

1.  Sandstone 60 

2.  Coal 3 

3.  Sandstone 30 

4.  Limestone 3 

5.  Sandstone 80 

6.  Coal,  U.  Freeport 5-6 

7.  Sandstone 45 

8.  Coal 2 

9.  Fire-clay,  compact 1 

10.  Sandstone  and  shale 65 

11.  Coal 6 

12.  Shale 15 

13.  Coal 0-3 

14.  Fire-clay,  compact 3     to     6 

15.  Iron  ore 2      to     6 

16.  Shale 15 

17.  Great  Conglomerate 

Total 

The  Upper  Freeport  here  shows,  Cannel,  1  ft. ;  Bituminous  Coal^  4  to 
5  ft.  It  is  somewhat  inferior  owing  to  the  presence  of  much  sulphur, 
but  is  a  good  strong  fuel.  On  Prickett's  Creek,  in  the  same  county 
(Marion),  the  cannel  is  at  the  bottom,  and  in  greater  quantity.  Exten- 
sive arrangements  were  made  here,  years  ago,  for  distilling  oil  from  the 
coal,  but  the  discovery  of  petroleum  brought  the  enterprise  to  premature 
dissolution.  On  Booth's  Creek,  in  Monongalia  county,  some  old  open- 
ings are  still  accessible.  One  a  little  way  north  from  the  creek  shows : 
Clay,  1  ft.;  Coal,  1  ft.  11  in.;  Clay,  8  in.;  Coal,  2  ft.  9  in.;  Clay,  2^  in.; 

Coal,  1  ft.  1  in. 

A  deserted  opening  near  the  old  furnace  on  this  stream  gives: 
Cannel,  1  ft. ;  Carbonaceous  shale,  1 1  in. ;  Coal,  slaty,  4  in. ;  Clay,  7  in. ; 
Coal,  2  in.;  Clay,  4  in.;  Coal,  seen,  4  ft. 

*  ThiB  Rootlon  and  tho  romalQlng  notes  on  the  Upper  Freeport  Coal  were  dropped  by 
tbe  printer  in  making  up  my  previous  papor  on  West  Virginia. 
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The  coal  at  the  base  is  certainly  much  thicker  than  is  stated.  The  old 
props  lying  in  the  deserted  entry  are  somewhat  more  than  five  feet  long. 
Another  exposure  near  the  mouth  of  the  creek  shows  the  bed  much  de- 
graded, giving  the  following  section  : 

Coal,  I  ft,  9  in.;  Clay,  3  in.;  Coal,  6  in.;  Shale,  2  in.;  Coal,  1  in. 

The  roof  here  is  sandstone.  Elsewhere  upon  the  creek  it  is  shale, 
which  abounds  in  vegetable  impressions.  The  coal  from  these  openings 
is  said  to  be  very  good  fuel  though  it  contains  considerable  proportion  of 
sulphur.  It  contains  much  volatile  combustible  matter  and  cokes 
readily  in  heaps. 

Returning  to  Upshur  county,  we  find  underlying  the  Upper  Freeport  Coal 
a  sandstone  about  fifty  feet  thick,  more  or  less  fiaggy,  and  apt  to  change 
into  arenaceous  shale.  Below  this  is  a  thin  tough  limestone,  not  very 
pure,  which  seems  to  represent  the  Freeport  Limestone.  It  was  seen  on 
the  Staunton  pike  near  Roaring  Creek  and  on  Sand  Run.  Between  the 
limestone  and  the  coal  below,  the  sandstone  is  coarse  and  fiaggy.  The 
interval  varies  from  twenty  to  thirty  feet. 

The  next  coal.  No.  5,  of  the  salt-well  boring,  was  seen  at  only  two 
localities,  one  on  Roaring  Creek,  near  the  Staunton  pike,  and  the  other 
on  Sand  Run,  near  the  great  exposure  of  the  Upper  Freeport,  It  is  a 
persistent  bed  and  quite  regular  in  thickness,  varying  little  from  four 
feet  throughout  this  vicinity.  The  coal  is  irised,  exceedingly  rich  in 
bituminous  matter,  and  containing  not  a  large  amount  of  sulphur.  It 
bums  nicely  and  cokes  well.  No  regular  workings  were  found,  and  only 
**crop'*  coal  could  be  examined.  This  is  extremely  brittle,  so  that, 
unless  it  improve  greatly  under  the  hill,  it  will  hardly  prove  fit  for  ship- 
ping. 

The  beds.  No.  7  and  No,  9,  of  the  boring  have  not  been  identified  at 
any  locality.  Three  miles  east  from  Roaring  Creek,  and  five  hundred 
feet  higher  than  the  opening  on  the  Upper  Freeporty  the  blossom  of  a 
coal-bed  occurs  at  the  roadside.  This  is  probably  one  of  the  lower  beds, 
but  the  question  cannot  easily  be  determined,  as  eastward  the  dip  in- 
creases rapidly  in  steepness,  and  the  whole  western  slope  of  the  moun- 
tain is  so  deeply  buried  under  shingle  and  so  thoroughly  paved  with 
fragments  of  sandstone  and  conglomerate,  that  connected  exposures  can- 
not be  found. 

East  from  this  blossom,  almost  two-thirds  of  a  mile  distant  along  the 
pike,  and  very  near  the  crest  of  the  ridge,  a  coal-bed  is  worked.  The 
mouth  of  the  mine  is  three  hundred  feet  higher  that  the  blossom  in  the 
roadside.  In  the  interval  along  the  road  everything  is  concealed  except 
occasional  exposures  of  sandstone.  The  bed  near  the  crest  is  dipping 
northwestward  at  twelve  degrees,  so  that  the  space  between  it  and  the 
coal  above  would  be  nearly  five  hundred  feet,  provided  the  dip  does  not 
vary.  It  is  perhaps  better  to  regard  the  interval  as  about  four  hundred 
feet.    The  coal  is  within  a  few  feet  of  the  conglomerate,  but  the  inter- 
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vening  rook  is  oonoealed.    At  the  opening  made  by  Mr.  S.  B.  Hart,  near 
the  pike,  the  bed  exhibits  the  following  structure  : 

Shale, .;  Coal,  sulphurous,  4  in.;  Black  clay,  1  in.;  Goal^  3  ft.  6 in.; 

Clay,  1  in.;  Goal^  1  ft.  7  in.;  total,  5  ft.  7  in. 

The  bottom  coal  is  very  inferior,  being  about  one-half  slate,  and  con- 
taining a  notable  proportion  of  pyrites.  The  bench  next  above  it  is  a 
good  fuel,  though  rather  soft  and  toward  tlie  base  somewhat  sulphurons. 
It  is  extensively  mined  to  supply  Beverly  and  the  adjacent  country.  I 
made  as  careful  search  for  other  outcrops  as  is  possible  in  a  wild  region, 
covered  with  loose  rocks  and  a  dense  forest.  No  other  was  found,  unless 
the  bed  exposed  at  the  head  of  Casseday*s  Fork  of  Buckhannon  River 
be  the  same.  This  occurs  near  the  crest  of  the  ridge  on  the  west  slope, 
about  ten  miles  south  from  the  Staunton  road.  It  is  a  large  bed,  and  is 
most  likely  this  coal.  There  is  no  doubt  that  this  is  the  same  with  that 
found  on  the  conglomerate  in  Marion  and  Monongahela  counties.  If  it 
be  as  irregular  in  thickness  here  as  in  northern  West  Virginia  and  Ohio, 
its  outcrop  will  be  traced'only  with  great  difficulty. 

Aside  from  the  Freeportf  itself  reduced  almost  to  nothing,  no  lime- 
stones were  seen  in  this  group.  As  in  the  other  groups,  the  limestones 
disappear  southward.  They  occur  in  Pennsylvania,  but  thin  out  rapidly 
after  coming  into  West  Virginia. 

The  Great  Conglomerate. 

This  rock  forms  the  crest  of  Rich  Mountain  for  nearly  sixteen  miles, 
within  the  region  examined.  For  the  most  part  it  is  a  coarse  sandstone 
loaded  with  pebbles  from  ^  of  an  inch  to  3  inches  in  diameter.  Along  the 
Staunton  pike  it  shows  some  layers  of  slightly  micaceous  and  very  com- 
pact sandstone  near  the  bottom.  Here  it  is  greatly  increased  in  thick- 
ness. Near  the  noilhem  line  of  the  State  it  is  barely  three  hundred  and 
fifty  feet  thick,  but  in  Randolph  county,  it  is  not  less  than  six  hundred. 
This  expansion  continues  southwardly,  as  shown  by  the  observations  of 
Professor  Fontaine,  in  the  New  River  region.  On  Rich  Mountain  it  con- 
tains no  foHsils,  but  in  poi-tions  there  are  vast  numbers  of  quartz  crystals, 
some  of  them  three-foui-ths  of  an  inch  long,  and  beautifully  terminated 
at  both  extremities. 

On  the  Staunton  pike,  along  the  eastern  slope  of  the  mountain,  there 
was  seen  midway  in  the  conglomerate,  what  appeared  to  be  the  blossom 
of  a  coal-bed.  As  I  had  observed  no  evidence  of  coal  in  the  conglomerate 
northward  from  this  locality,  this  exposure  was  studied  with  some  care, 
but  nothing  defmite  could  be  ascertained.  Six  miles  farther  south,  on 
the  same  side  of  the  mountain,  a  small  coal-bed  occupies  this  place  on 
the  property  of  Mr.  Bradley.  There  it  is  three  feet  thick,  quite  soft, 
but  of  excellent  quality,  and  being  almost  free  from  sulphur,  is  highly 
prized  by  blacksmiths.  Another  opening  has  been  made  on  the  ridge 
near  the  bridle  path,  seven  miles  south  from  the  Staunton  pike,  and  a 
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third  is  seen  near  the  same  pUh,  three  miles  farther  south.  These 
openings  hardly  deserve  the  name,  as  only  a  few  sackfuls  of  coal  have 
heen  taken  from  each.  In  all  of  them  thexsoal  shows  the  same  character. 
This  little  bed  is  of  much  interest.  Here  in  the  vicinity  of  the  Staun- 
ton pike  is  the  northern  termination  or  better,  perhaps,  the  beginning  of 
the  important  group  of  *' conglomerate '*  coals,  so  fully  described  by 
Prof.  Fontaine,  in  West  Virginia,  which  farther  southward  become  the 
main  source  of  'supply  in  Tennessee.  In  the  northern  portion  of  the 
State  no  coal  occurs  in  the  cougloffierate.  The  local  geologist,  quoted  by 
Prof.  Fontaine  and  myself,  who  asserted  that  two  beds  occur  in  this 
group,  is  an  ignorant  man,  who  regarded  the  Tionesta  Sandstone  as  part 
of  the  conglomerate,  and  so  placed  the  Tionesta  coals  in  this  group. 

Lower  Carboniferous. 

My  observations  in  the  Lower  Carboniferous  were  made  along  the  east 
slopQ  of  Rich  Mountain  at  two  or  three  localities  between  the  Staunton 
pike  and  the  Huttonsville  bridle-path,  a  distance  of  somewhat  more  than 
ten  miles  north  and  south.  The  results  therefore  are  not  of  much  im- 
portance. 

The  red  shales  were  seen  on  the  Staunton  pike.  There  they  are  in 
part  quite  arenaceous,  and  are  almost  a  thinly  laminated  shaly  sand- 
stone. Their  thickness  cannot  be  accurately  determined  at  that  expo- 
sure, but  I  take  it  to  be  little  more  than  fifty  feet.  They  do  not  appear 
to  contain  any  important  deposit  of  iron  ore,  such  as  occurs  near  the 
Pennsylvania  line.  Six  miles  south  from  the  Staunton  pike,  the  shales 
are  entirely  wanting,  and  the  conglomerate  rests  directly  on  the  lime- 
stone. The  line  of  contract  is  finely  exposed  at  several  localities  but  at 
none  bettor  than  at  a  place  nearly  two-thirds  of  a  mile  north  from  Mr. 
Bradley's  house,  where  the  limestone  and  conglomerate  are  seen  in  con- 
tact along  a  bluff"  for  about  thirty  feet. 

The  shales  are  of  a  deep  red  color,  and  the  micaceous  sandy  layers  are 
almost  as  deep  red  as  the  pressed  brick  on  our  house-fronts.  As  a  whole, 
this  series  bears  very  close  resemblance  to  the  red  shales  of  the  Lower 
Barren  Group,  and  might  easily  be  mistaken  for  them.  About  fifteen 
miles  north  from  the  Staunton  pike,  at  the  gap  made  by  Tygart's  River 
on  its  passage  through  Rich  Mountain,  Mr.  J.  WooUey  found  these  shales 
two  hundred  feet  thick  ;  their  identity  being  certified  by  the  conglome- 
rate above  and  the  limestone  below.  Within  twenty  miles  south  from 
that  locality  they  have  wholly  disappeared. 

The  rapid  thickening  of  the  limestone  is  remarkable,  contrasting 
strangely  in  this  respect  with  those  of  the  Coal  Measures.  Near  the 
State  line  on  Cheat  River  the  limestone  mass  is  barely  one  hundred  feet 
thick,  as  ascertained  by  boring.  In  Randolph  county,  I  saw  a  continu- 
ous exposure  of  nearly  four  hundred  feet.  A  space  of  two  hundred  feet 
is  concealed,  and  below  that  a  calcareous  shale  occurs,  so  that  the  thick- 
ness is  not  less  than  seven  hundred  feet.     In  Pocahontas  and  Greenbrier 
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counties,  the  expansion  is  greater,  reaching  in  the  former  to  eight  hun- 
dred feet.  On  the  Staunton  pike  the  topmost  layers  are  exceedingly 
pure  and  very  compact.  They  yield  an  excellent  lime,  and  are  the 
source  of  supply  for  the  whole  region  to  a  distance  of  nearly  twenty 
miles.  Farther  south  the  upper  laycis  are  quite  impure,  and  are  nearly 
calcareous  shale.  On  the  property  of  Mr.  Bradley,  a  seam  of  eoal  oooars 
amid  some  shales  in  this  mass,  ahout  two  hundred  and  fifty  feet  below 
the  conglomerate.  It  is  two  inches  thick,  quite  impure  and  very  sul- 
phurous.    It  is  seen  in  a  little  run  below  Mr.  Bradley's  house. 

The  fossils  obtained  from  this  limestone  were  found  chiefly  in  the 
upper  layers  and  are  similar  to  those  procured  in  Monongalia  county. 
The  most  common  are  Spirifer  Leidyi^  AihyrU  subquadrata,  Produetut 
eJeganSf  Productus  pileiformis,  Uemipronites  cransus,  AUorUma  «p.,  and 
StraparoUus  planidorsatuH.  These  show  the  rock  to  be  qf  the  same  age 
as  the  Chester  group  of  the  west.  I  had  in  my  possession  several  flue 
specimens  of  Lithostrotion  canadenMj  which  were  said  to  be  from  Ran- 
dolph county,  and  I  expected  to  flud  the  St.  Louis  group  well  defined. 
No  species  belonging  to  that  group  fell  under  my  observation,  and  I 
doubt  whether  the  LithoAtrotion  came  from  this  portion  of  West 
Virginia. 

The  strangest  feature  in  the  Lower  Carboniferous  of  this  region  is  the 
entire  disappearance  of  the  sandstones  and  shales  usually  found  between 
the  limestone  and  conglomerate.  Judging  from  Rogers*  reports,  one 
would  expect  to  find  them,  not  merely  persistent  but  greatly  expanded, 
as  compared  with  more  northern  localities.  At  Westernport;,  on  the 
Potomac,  they  are  six  hundred  and  fifty  feet  thick,  and  in  Pocahontas 
county,  that  adjoining  Randolph  on  the  souths  they  are  twelve  hundred 
and  sixty  feet.  Yet  in  Randolph  county  they  disappear  completely.  A 
local  anticlinal  must  have  existed  here  during  the  latter  portion  of  the 
Lower  Carboniferous  period. 

The  Disturued  Region. 

By  this  title  I  designate  that  portion  of  West  Virginia  lying  between 
the  line  of  the  Ellenboro'  fault  and  the  Ohio  River,  which  includes  about 
midway  between  its  east  and  west  boundaries  the  especially  broken  traot 
known  as  the  **  oil-break.'' 

The  line  of  the  EUeuboro'  fault  crosses  the  Staunton  pike  near  Webb's 
Mills,  on  Hughes  River.  Northward  it  passes  a  little  west  from  Harris- 
ville  and  crosses  the  railroad  about  one-fourth  of  a  mile  east  from  Ellen- 
boro'.  Its  place  is  entirely  concealed  on  the  Northwestern  pike,  though 
its  presence  there  is  indicated  by  the  change  in  the  character  of  the  rocks. 
How  far  northward  it  extends  I  am  unable  to  say,  but  if  it  continue  in 
that  direction,  it  should  cross  the  Ohio  River  not  far  from  New  Martins- 
ville. The  best  information  within  my  reach  leads  me  to  suppose  that 
it  disappears  long  before  reacbiiitr  the  (.)hio.  Southward  this  fault  cer- 
tainly disappears  long  before  ntachiog  the  Great  Kanawha  River,  for, 
according  to  Dr.  Brig^s,  the  Pittsburg  coal  shows  a  continuous  outcrop 
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across  the  State  through  Braxton,  Clay,  Kanawha  and  Putnam  counties 
to  the  Ohio  River.  Indeed,  in  every  respect  the  disturbance  from  east  to 
west  in  this  regiopi  seems  to  have  been  greatest  in  the  vicinity  of  the  line 
followed  by  the  railroad.  Near  Ellenboro'  the  fault  is  quite  abrupt  and 
is  seen  to  good  advantage  in  the  creek's  bed,  about  one-fourth  of  a  mile 
from  the  station.  On  its  eastern  side  the  rocks  of  the  Upper  Barren 
Group  are  seen  turned  up  and  dipping  at  26^,  while  on  the  west  side  the 
strata  of  the  Lower  Barren  Group  lie  almost  horizontally.  The  direction 
of  the  fault  is  about  N.  1(P  E.  Mag.,  and  the  upper  rocks  dip  S.  8bO  V. 
Mag. 

From  this  fault  westward,  the  strata  are  almost  horizontal,  or  have  an 
easterly  dip  so  slight  that  it  cannot  be  determined  by  the  barometer,  until 
the  edge  of  the  oil-break  is  reached  where  they  are  abruptly  turned  up 
at  a  high  angle.  Within  the  **  break,"  a  narrow  strip,  nowhere  more 
than  two  miles  wide,  the  dip  is  irregular,  but  shows  traces  of  anticlinal 
structure,  and  at  no  time  exceeds  5^.  On  the  west  side  the  conditions 
seen  at  the  east  are  repeated.  The  strata  are  sharply  upturned  and  dip 
toward  the  west.  The  angle  of  dip  quickly  diminishes  and  soon  becomes 
only  ten  feet  per  mile.  About  five  miles  east  from  Parkersburg,  another 
fault  occurs,  quite  as  sharp  as  that  at  Ellenboro',  with  the  upturned  rocks 
dipping  westward.  Beyond  this,  the  rocks  are  almost  horizontal  to 
the  Ohio  River. 

On  each  side  of  the  oil-break  the  strata  belong  to  the  Lower  Barren 
Group,  as  far  east  the  EUenboro*  fault  and  as  far  west  as  the  fault  near 
Parkersburg.  What  the  rocks  between  this  fault  and  the  Ohio  River 
are,  can  be  determined  only  by  approaching  them  from  Ohio.  Before 
entering  into  a  discussion  of  the  **  break/'  it  is  well  to  describe  these 
rocks  as  they  occur  east  and  west  from  it. 

Lower  Barren  Group  outside  of  the  Oil-break.  Near  Ellenboro',  and 
almost  directly  on  the  edge  of  the  fault  a  boring  was  made  several  years 
ago  in  search  of  oil.  No  record  has  been  preserved,  but  the  enterprise 
proved  unsuccessful.  Both  fresh  and  salt  water  were  found,  and  a  little 
oil  was  obtained.  The  rocks  appeared  to  bo  much  shattered.  At  first 
the  drill  descended  nearly  twenty  feet  each  day,  and  farther  down  many 
crevices  were  struck,  in  which  the  tools  would  drop  four  or  five  feet  in- 
stantly. Five  hundred  feet  down,  the  drill  stuck  fast  and  the  work  was 
abandoned. 

Along  the  railroad,  westward  from  Ellenboro*  to  near  Petroleum,  the 
section  appears  to  be  : 

1.  Debris,  with  nodular  limestone 75  ft. 

2.  Coal 1  ft. 

3.  Flaggy  sandstone 40  ft. 

4.  Red  shales 10  ft. 

5.  Sandstone  15-25  ft. 

6.  Red  and  blue  shale 25  ft. 

7.  Sandstone  10  ft. 

8.  Red  shales  and  sandstone 800  ft. 
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The  limestone  and  coal  both  were  seen  near  Ellenboro',  as  well  as  in 
the  hills  near  a  deep  cut  three  miles  farther  west.  This  coal,  I  take  to  be 
the  same  with  that  whose  blossom  is  seen  in  the  roadside  between  Harris- 
ville  and  Comwallis  Station,  not  far  from  the  former  place.  The  sand- 
stones, Nos.  5  and  7,  are  soft,  light  g^ray,  somewhat  feldspathic  and  con- 
tain much  mica.  The  upper  is  the  more  compact  and  durable.  Both 
may  be  seen  near  Comwallis  Station,  where  the  upper  stratum  is  quarried 
extensively  by  the  railroad  company  for  building  purposes.  The  lower 
one  is  apt  to  become  flaggy.  No.  8  is  first  seen  near  Comwallis,  and  is 
the  preyailiug  rock  exposed  in  the  cuttings  from  tUat  place  to  near  Pe- 
troleum, except  near  Silver  Hun  Summit,  four  miles  east  from  Petroleum, 
where  the  grade  of  the  road  brings  one  into  the  upper  members  of  the 
group.  The  shales  greatly  predominate.  When  freshly  exposed,  they 
resemble  a  reddish  shale  enclosing  nodules  of  sandstone.  The  whole, 
however,  is  a  mass  of  slightly  arenaceous  clay  shale,  without  definite 
bedding,  of  dull  red  color,  with  brownish  patches,  and  readily  breaking 
up  into  coarse  powder  on  exposure.  The  color  is  characteristic,  and  once 
seen  cannot  fail  to  be  remembered.  No  such  shale  occurs  in  the  Upper 
Barren  Group.  It  does  occur  in  the  Lower  Barren  Group  along  Buok- 
hannon  River  and  the  Staunton  pike,  in  Upshur  county.  No  other  group 
resembles  it  except  the  Red  Shales  of  the  Lower  Carboniferous.  Near 
Petroleum  wo  find  under  it  a  sandstone,  which,  doubtless,  belongs  to  the 
Lower  Coal  Group. 

Along  the  Northwestern  pike  only  the  upper  members  of  the  group 
are  exposed,  until  one  approaches  the  eastern  slope  of  this  ''break." 

Southward  from  the  railroad  the  rocks  show  the  same  character.  At  a 
short  distance  west  from  Harrisvillo  a  baring  was  made  for  oil.  It  was 
continued  to  the  depth  of  five  hundred  feet  and  then  abandoned.  No 
record  of  it  is  accessible.  I  am  informed  that  for  most  of  the  distance 
the  drill  passed  through  red  shales,  and  that  two  very  thin  beds  of  coal 
or  carbonaceous  shale  were  passed  through.  On  the  Staunton  pike,  these 
rocks  are  well  exposed  for  nearly  twenty  miles,  by  the  road.  They  are 
said  to  contain  two  very  thin  beds  of  coal.  Of  one  of  these  I  saw  the 
blossom  about  three  miles  west  from  Webb's  Mills.  It  seems  to  be  about 
ten  inches  tliick.  A  very  notable  feature  just  east  from  the  break  is  a 
sandstone,  about  twenty  feet  thick,  resting  on  shale. 

Leaving  aside,  for  the  present,  all  reference  to  the  strata  involved  in 
the  slopes  of  the  oil-break,  we  pass  across  the  break  to  the  west,  where 
we  find  a  similar  series  of  rocks,  differing  only  in  this,  that  the  red  tint 
is  not  the  only  one  in  the  shale,  many  portions  along  the  railroad  having 
a  bluish  cast. 

Upon  the  line  of  the  railroad,  west  from  Laurel  Junction,  we  find  the 
rate  of  dip  quickly  decreasing  to  less  than  one  degree.  Before  reaching 
the  tunnel,  one  mile  west  from  the  Juuction,  the  blossom  of  a  thin  coal 
is  seen  in  a  low  cut.  This  is  probably  two  hundred  feet  higher  than  the 
rooks  in  the  Junction  cut,  and  is  overlaid  by  a  mass  of  bluish-red  shale 
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and  sandstODC.  From  the  tunnel  westward  to  Walker's  Station,  the 
grade  of  the  road  falls,  and  meantime  the  dip  becomes  barely  ten  feet  per 
mile.  Nearly  one  mile  east  from  Walker's,  a  thin  coal  is  seen  which  may 
be  traced  through  several  cuts.  It  is  eight  in;hei  thick,  very  slaty,  and 
is  no  doubt  the  same  with  that  just  mentioned.  Above  it,  in  the  hills  is 
a  succession  of  sandstones  and  red  shales.  Similar  rocks  occur  all  the 
way  to  Parkersburg.  No  break  or  fault  was  seen  along  the  railroad,  but 
in  a  well  bored  near  Claysville,  the  strata  are  said  to  have  been  found 
much  shattered.  On  the  Northwestern  pike  the  exposures  are  very  incom- 
plete ;  no  succession  can  be  made  out,  but  there  are  evidences  of  at  least 
two  small  breaks  in  continuity  of  the  rocks. 

Upon  the  Staunton  pike,  the  exposures  are  quite  as  satisfactory  as 
those  along  the  railroad,  for  the  road  runs  in  the  valleys  cut  by  the  Little 
Kanawha  and  Hughes*  Rivers.  Starting  up  the  Litde  Kanawha  from 
Parkersburg,  we  find  at  five  miles  from  that  city  a  well-marked  break  or 
fault,  very  similar  to  that  observed  at  Ellenboro*.  Up  to  this  point  the 
westward  dip  is  almost  zero ;  but  here  at  once  it  increases  to  25^.  The 
exposure  is  at  the  roadside,  in  a  cut.  East  from  this  break  the  strata  are 
horizontal,  at  least  no  dip  in  any  direction  can  be  mide  out  with  the 
barometer.  On  both  sides  the  rocks  are  apparently  the  same.  Sandstones 
and  brownish  red,  slightly  arenaceous  shales.  Judging  from  their  litho- 
logical  characters  alone,  one  would  regard  them  as  belonging  to  the  same 
group.  At  a  short  distance  below  Newark,  the  road  passes  through  a 
cut,  in  which  is  exposed  a  teries  of  sandstones  and  dark-red  shale«,  in  all 
about  one  hundred  and  tweoty-five  feet  thick.  On  top  there  is  a  hand- 
some, light  olive  sandstone,  which  is  quarried  to  supply  material  for 
building  the  locks  on  the  river.  Though  soft,  it  is  said  to  be  quite 
durable. 

At  Greenville,  where  the  road  crosses  Hughes'  River,  the  same  shaly 
sandstones  and  shales  are  seen  in  the  river  bluffs,  and  at  some  distance 
farther  on,  the  massive  sandstone  appears  in  the  hills,  twenty  feet  thick 
and  standing  out  as  a  cliff.  Huge  fragments  of  it  have  fallen  off  and  lie 
strewn  over  the  hillside,  and  in  the  river  channel.  It  has  been  used  here 
for  building  purposes,  and  serves  well,  as  it  is  not  very  hard,  dresses 
easily  and  is  quite  durable.  This  rock  is  seen  along  the  road  to  within 
ooe  mile  of  Freeport  P.  O.,  where  the  exposures  become  obscure,  as  we 
are  approaching  the  western  boundary  of  the  oil-break.  It  is  the  same 
sandstone  with  that  already  mentioned  as  occurring  just  east  from  the 
break  on  this  pike. 

The  Oiii-BREAK.  This  name  is  given  to  an  irregular  tract,  from  one 
to  nearly  two  miles  in  width,  having  a  general  trend  of  N.  1(P  E.  Mag., 
and  with  the  strata  on  its  sides,  dipping  N.  H(P  W.  and  S.  8(P  E.  Mag. 
I  have  been  able  to  examine  it  along  the  Staunton  pike,  the  Northwestern 
Railroad,  and  the  Northwestern  pike,  as  well  as  at  several  points 
between  these  lines,  embracing  in  all  about  fifteen  miles  of  its  leogth. 
The  region  of  greatest  disturbance  is  in  the  neighborhood  of  the  railroad: 
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north  and  south  from  this  line  tlie  abruptness  diminishes.  Its  extent 
soutliward  is  not  well  determined.  Col.  Byrne,  State  Superintendent  of 
Instruction  in  West  Virginia,  informed  me  that  he  had  traced  it  to  the 
Great  Kimawha  River,  near  Charleston.  This  seems  hardly  possible,  for 
at  the  Great  Kanawha,  in  that  vicinity,  there  is  no  anticlinal,  certainly 
there  is  no  break.  It  is,  however,  by  no  means  improbable  that  the  re- 
markable horizontality  of  the  strata  there  may  result  from  the  flattening 
out  of  this  anticlinal  in  that  direction,  so  that  if  the  flattening  occur 
gradually  southward,  the  an'^iclinal  might  be  traced  to  that  river. 

Northward,  where  the  break  crosses  the  Ohio  River  near  Cow  Run, 
it  is  said  to  be  a  gentle  anticlinal,  over  which  the  upper  rocks  pass  un- 
broken ;  and  this  belief  ii  supported  by  Dr.  Briggs*  section  along  the 
Ohio.*  In  that  section  the  whole  mass  between  Wheeling  and  Pomeroy 
is  referred  to  the  Upper  Coal  Group,  and  the  Pittsburg  coal  is  regarded 
as  being  at  no  point  more  than  two  hundred  and  fifty  feet  under  the 
river.  There  is  certainly  an  error  somewhere  in  this  work,  since  in  that 
portion  of  West  Virginia,  fronting  on  the  river,  a  little  south  from 
Marietta,  the  surface  rocks  belong  to  the  Lower  and  not  the  Upl)er  Barren 
Group,  for  I  have  found  the  section  along  the  Staunton  pike  to  be  the 
same  on  both  sides  of  the  break,  and  along  the  railroad  it  is  practically 
the  same.  I  have  no  records  of  borings  made  west  from  the  break,  but 
two  on  the  east,  one  near  Ellenboro^  and  the  other  near  Harrisville,  were 
driven  five  hundred  feet  and  passed  all  the  way  through  shales  and 
sandstones,  cutting  at  most  only  two  streaks  of  coal.  If  these  rocks 
belonged  to  the  upper  series,  the  Pittsburg  coal  should  have  been  struck 
at  a^>out  three  hundred  feet  from  the  surface  near  £llenboro%  and  at 
much  less  near  Harrisville.  At  Wolfe*s  Summit,  eight  miles  west  fVom 
•Clarksburg,  the  Pittsburg  goes  under,  dipping  northwestward,  at  the  rate 
of  somewhat  more  than  one  hundred  feet  per  mile.  From  that  place 
westward  to  Ellenboro',  the  strata  of  the  Upper  Coal  and  Upper  Barren 
Groups  are  followed  without  a  break,  the  dip  continuing  northwest  all 
the  way,  though  gradually  diminishing  in  sharpness.  At  Ellenboro',  the 
rocks  change  and  the  dip  becomes  slightly  eastward.  From  this  line  we 
find  only  the  characteristic  red  shales  with  the  accompanying  sandstones 
until  we  reach  the  oil-break  where  the  rapidly-increasing  dip  brings  us 
into  the  Lower  Coal  Group.  As  will  be  shown  farther  on,  the  rocks 
within  and  the  steeply-sloping  sides  of  the  break  form  a  continuous  and 
uninterrupted  series  with  those  outside.  If  this  series  between  the  oil- 
break  and  the  Ellenboro'  fault  belong  to  the  Upper  Barren  Group,  what 
has  become  of  the  Lower  Barren  and  U]»per  Coal  Group  ?  Neither  of 
these  is  found  along  the  Staunton  pike,  where  the  whole  structure  is 
very  clearly  exposed,  ^t  is  absolutely  certain  that  the  Pittsburg  coal 
appears  nowhere  between  the  Ellonboro'  fault  and  the  one  a  little 
way  east  from  Parkersbtirg,  except  possibly  in  isolated  patches  on  tops 
of  the  very  highest  hills. 

*  KoKers*  Report  Goul.  Virn^tnia,  lor  1K40. 
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Dr.  Briggs'  statement  can  be  accounted  for  only  by  supposing  that  the 
EUenboro'  fault  disappears  long  before  reaching  the  Ohio,  and  that  the 
oil-break  itself  flattens  out  rapidly,  so  as  to  become  a  low  anticlinal  near 
the  river,  over  which  the  upper  groups  may  pass  unbroken.  Still  this 
does  not  wholly  remove  the  difficulty.  What  the  conditions  may  be 
above  Marietta,  along  the  river,  I  do  not  know,  never  having  examined 
that  region  ;  but  I  do  know  that  rocks  belonging  to  the  Lower  Barren 
Group  are  found  near  Valley  Mills,  in  Wood  county,  three  miles  from  the 
river  and  seven  miles  northeast  from  Parkersburg.  In  that  vicinity,  I 
was  unable  to  discover  any  rocks  belonging  to  the  upper  groups. 

The  oil-break  passes  through  Wirt,  Ritchie  and  Pleasants  counties. 
Beginning  at  the  south,  let  us  see  the  structure  in  the  vicinity  of  the 
Staunton  pike,  which  runs  along  Hughes'  Hiver.  The  section  of  the  west 
slope  is  very  prettily  exposed  on  Fox's  I^un,  about  one  mile  north  from 
the  Staunton  pike,  where  we  find  : 

1.  Red  shales not  measured. 

2.  Shaly  sandstone 20  ft. 

3.  Red  shales 105  ft. 

4.  Shaly  sandstone 80  ft. 

5.  Red  shales 50-CO  ft. 

6.  Sandstone,  shaly  to  massive 65  ft. 

7.  Chert 5-12  ft. 

No.  1  is  not  far  from  one  hundred  feet  thick,  and  on  it  rests  the  massive 
sandstone  already  mentioned  as  seen  along  the  pike  west  from  the 
"break."  Nos.  4,  5,  6  and  7  are  wholly  involved  in  the  abrupt  side,  and 
No.  3,  partially  so.  The  sandstones  are  all  of  a  dull  red  color,  and  in 
the  wells  bored  just  outside  of  the  break,  the  whole  mass  was  recorded 
as  red  shale.  On  the  east  side  of  the  break  the  exposure  is  yet  more 
satisfactory,  as  the  road  passes  along  the  river  bank,  so  low  down  as  to 
exhibit  the  flexure  in  the  flint  where  the  dip  abruptly  decreases  from  35^ 
to  30.  The  sandstones  and  shales  of  the  preceding  section  are  seen  in 
the  hill  above  the  flint,  thus  proving  indisputably  that  the  rocks  on 
each  side  of  the  ''break  "  belong  to  the  same  horizon. 

There  is  no  evidence  of  faulting  on  either  side.  The  succession  from 
the  inner  portion  of  the  abruptly  tilted  strata  outward  to  ihe  horizontal 
strata  is  unbroken  and  perfectly  clear. 

Within  the  break  the  rocks  are  almost  hoiizontal  and  not  much  broken. 
They  describe  a  flattened  anticlinal,  for  beginning  inside  and  proceeding 
outwards,  say  on  the  west  side  we  find  the  dip  first  horizontal,  then  2^  or  3^, 
then  280,  then  50^,  then  3^  or  5^,  and  finally  outside  almost  horizontal. 
A.  similar  condition  is  found  on  the  eastern  edge.  Along  the  line  of 
section  the  chert  is  the  last  to  show  the  abrupt  dip. 

If  now  we  ascend  the  hill  from  Fox's  Run  and  go  east  about  one-third 
of  a  mile  we  find  near  Mr.  Sharpnack's  steam-mill,  the  sandstone  and 
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chert  almost  horizontal.    The  sandstone  is  the  highest  rock  in  the  hill. 
The  section  is  as  follows  : 

1.  Sandstone 60  ft. 

2.  Chert 6-12  ft. 

3.  Shale  and  limestone 9  ft. 

4.  Black  shale 8  ft. 

5.  Coal 6-12  inches. 

6.  Shale  and  sandstone 120  ft. 

7.  Sandstone  to  river : not  measured. 

The  chert  is  light-red  to  yellow,  and  in  some  cases  dove  colored.  It  is 
quite  compact,  and  forms  a  striking  feature  in  both  sides  of  the  break  M 
well  as  on  the  hills  within  it.  It  is  well  exposed  on  the  pike,  where  it 
has  been  used  for  macadamizing  the  road.  The  limestone  in  No.  8, 
occurs  in  nodules,  varying  from  two  inches  to  two  feet  in  diameter.  It 
is  variegated  and  extremely  compact.  If  a  suilicient  quantity  could  be 
obtained,  this  would  be  valuable  as  an  ornamental  marble  for  indoor  use, 
since  it  receives  a  beautiful  polish.  The  coal  is  sulphurous  and  slaty. 
It  can  be  seen  on  the  pike  near  each  edge  of  the  break.  The  sandstone. 
No.  1,  is  said  to  contain  a  coal^  eight  inches  thick.  The  black  shale 
overlying  the  coal  No.  5,  is  quite  rich  in  fossils.  In  a  few  minutes,  I 
obtained  from  it  a  large  number  of  individuals  belonging  to  the  following 
species:  Chonetes  granulifera,  Solenomya  «p.,  Schizodus  *p.,  PUuroto- 
mar ia  gray villiensiSf  Bellerophon  montfortianua,  BelUrophon  perearinatuM 
and  Euomphalus  aubrugosus.  From  this  shale  some  very  fine  specimens 
of  a  NautiluHf  allied  to  N,  occidentaliHy  have  boon  procured. 

Near  Frceport  P.  O.,  midway  in  the  break,  a  well  was  bored  to  the 
depth  of  fifteen  hundred  feet,  but  the  record  seems  to  be  wholly  lost.  All 
accounts  agree  in  stating  that  for  several  hundred  feet  before  the  work 
was  stopped,  the  drill  passed  through  nothing  but  red  shale.  In  a  boring 
made  near  the  middle  of  the  break,  thin  coals  are  said  to  have  been  met 
at  sixty,  eighty  and  one  hundred  and  twenty  feet,  respectively,  from  the 
surface.  By  comparing  the  results  of  two  borings  made  here  by  Mr.  J. 
Lillie,  I  make  out  the  following  partial  section  within  the  bi*eak  ; 

1.  Sandstone 60  ft. 

2.  Chert 6-12  ft. 

8.  Shale  and  limestone 9  ft. 

4.  Shale 8  ft. 

5.  Coal  6-12  in. 

6.  Shale 80  ft. 

7.  Sandstone  59  ft. 

8.  Shale 41  ft. 

9.  Sandstone  106  ft. 

10.  Shale 9  ft. 

11.  Sandstone 7B  ft. 
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12.  Shale 14  ft. 

13.  Coal ' 3  ft, 

1 4.  8hal  e 30  ft. 

15.  Sandstone 37  ft. 

16.  Shale 6  ft. 

17.  Shale,  black  10  ft. 

18.  Shale 50  ft. 

10.  Sandstone 20  ft. 

Total 553  ft. 

Oil  was  found  in  Nos.  9  and  19.  The  eoalj  No.  13,  is  said  to  be  very 
soft  and  in  appearance  to  resemble  the  Grahamite.  It  is  not  exposed 
everywhere  and  has  been  found  only  in  borings. 

Respecting  the  horizon  of  these  rocks  there  is  no  room  for  doubt.  The 
chert  is  undoubtedly  the  same  as  that  found  on  the  Great  Kanawha  River, 
immediately  below  the  Mahoning  Sandstone.  Here,  as  so  frequently 
elsewhere  in  West  Virginia,  that  sandstone  holds  a  thin  bed  of  coal.  The 
shale  below  the  chert  is  rich  in  species  of  fossils,  which,  in  the  Appala- 
chian region,  are  thus  far  utterly  unknown  at  every  horizon  above  the 
middle  of  the  Lower  Barren  Group.  Such  a  fossiliferous  shale  is  very 
often  found  between  the  Mahoning  Sandstone  and  the  immediately  under- 
lying coal.  From  the  sandstone  down,  the  whole  facies  is  that  of  the 
Lower  Coal  Group,  and  at  an  inconsiderable  depth  the  shales  of  the 
Lower  Carboniferous  are  reached. 

Along  the  line  of  the  Northwestern  Railroad,  the  conditions  are  much 
more  complicated,  and  one  finds  some  diflSculty  in  working  out  the  true 
structure.  Here  the  uplifting  agency  was  exerted  much  more  energeti- 
cally than  on  any  other  line,  whether  north  or  south  from  the  railroad. 

Approaching  Laurel  Junction  from  the  west,  we  pass  through  the 
Lower  Barren  Group.  The  strata  are  dipping  westward  very  slightly 
until  we  approach  the  station,  when  the  dip  instantly  changes  to  30^-, 
and  within  a  very  short  distance  increases  to  75^.  It  then  declines  almost 
as  rapidly  to  2^  or  3'^.  On  the  east  side  of  the  break  near  Petroleum,  the 
conditions  are  similar,  the  easterly  dip  suddenly  increasing  from  a  frac- 
tion of  one  degree  to  twenty,  and  then  to  thirty-six  degrees.  On  each 
side  of  the  break  the  uplifted  rocks  are  certainly  not  far  from  eight 
hundred  feet  thick,  and  they  may  possibly  be  somewhat  more.  The  dis- 
turbed conditions  renders  it  difficult  to  make  a  good  estimate.  In  these 
rocks  we  find  near  Laurel  Junction  a  thin  coal  bed,  one  foot,  separated  by 
about  ten  feet  of  shale  from  a  slaty  coal,  barely  eight  inches  thick.  Botq 
coals  are  badly  broken,  fire-clay  and  shale  having  been  forced  into  them. 
From  information  given  me  by  Prof.  Fontaine,  I  am  inclined  to  think 
that  this  same  double  bed  is  seen  a  little  farther  east  in  another  cut, 
still  sharply  upturned.  Near  Petroleum,  a  similar  bed  is  involved  in  the 
abruptly  sloping  rocks,  and  a  little  east  from  that  village  a  thin  coal  is 
occasionally  worked,  which  i^  said  to  be  double  and  to  resemble  the  one 
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under  consideration.  There  seems  to  be  no  room  for  doubting  that  the 
coal  near  Laurel  Junction  and  that  at  Petroleum  are  the  same. 

Prof.  Fontaine,  nearly  two  years  ago,  made  a  very  careful  section  along 
the  railroad  from  Laurel  Junction  to  the  middle  of  the  break,  where  the 
summit  of  the  anticlinal  is  shown.  He  has  very  kindly  submitted  his 
notes  to  me  without  restriction.  In  the  main,  the  results  of  my  observa- 
tions do  not  differ  from  those  previously  obtained  by  him.  I  do  not  re- 
produce the  section,  as  the  details  are  unimportant  here. 

Within  the  break,  that  is,  in  that  portion  where  the  rocks  lie  some- 
what irregularly  horizontal,  a  coal  is  seen  in  seyeral  cuts.  The  section 
in  connection  with  it  varies  slightly,  owing  to  crushing,  while  the  ooal 
itself  exhibits  every  evidence  of  having  been  subjected  to  strong  pres- 
sure. The  following  sections  were  obtained  at  different  points  upon  the 
railroad.     No.  I,  being  by  Prof.  Fontaine,  and  No.  II,  by  myself: 

I.  I                              IL 

1.  Massive  sandstone 12'}-  '  1.  Sandstone,  massive 25' 

8.  Black  arenaceous  shale..  5"-4'  '  2.  Shale 2'-4' 

3.  Goal 30"  I  3.  Coal 15"-23" 

4.  Gray  sandstone 3^'  4.  Sandstone  lind  shale. ...  6' 

5.  Coal 8"  5.   Cannel 10" 

6.  Black  shale 3'  |  6.  Clay 8" 

7.  Flaggy  sandstone —  I  7.   Coal 8"-12" 

i    8.  Shaletotrack 6' 

At  the  base  of  the  massive  sandstone  there  is  a  thin  layer  of  conglome- 
rate made  up  of  rounded  pebbles,  one-half  inch  in  diameter  and  cement- 
ed by  oxide  of  iron.  The  shale  contains  no  impression  of  plants.  This 
seam  is  evidently  the  same  as  that  mined  near  Volcano,  about  one  mile 
north  from  the  railroad,  where  the  section  to  the  coal,  as  obtained  in  a 
well,  is  shale  40';  sandstone,  40^-50' ;  Coal^  3'-^'.  The  coal  is  double 
and  very  irregular  in  tliickness.  Below  it  the  rocks  are  principally  sand- 
stone to  a  depth  of  nearly  five  hundred  feet,  beyond  which  are  reddish 
shales,  which  have  been  bored  to  seven  hundred  feet  more  without  reach- 
ing their  base.  Two  thin  coals  have  been  found  within  the  break  above 
this  main  bed,  but  they  are  not  persistent. 

Within  the  break  the  strata  are  thrown  about  in  considerable  confu- 
sion, and  well-marked  faults  are  not  infrequent  along  the  railroad  line.- 
One  of  these  is  exhibited  in  following  figure,  which,  as  well  the  descrip- 
tion, I  take  from  Prof.  Fontaine^s  manuscript,  the  details  being  more 
satisfactorily  given  than  in  my  own  notes. 

The  fracturing  of  the  rocks  is  especially  marked  on  the  western  side  of 
the  break.  The  superintendent  of  one  of  the  oil  companies  informed  me 
that,  on  that  side,  it  has  never  been  found  necessary  to  *'  torpedo  "  the 
wells,  while  that  expedient  is  necessarily  resorted  to  on  the  east  side. 
The  anticlinal  structure  is  well  shown  west  from  Petroleum  in  the  first 
out  which  exposes  the  coal. 

There  is  no  room  to  doubt  that  the  original  structure  here  was  that  of 
an  anticlinal,  but  certainly  there  is  no  true  anticlinal  now.  This  is  easily 
shown  by  reference  to  only  a  few  facts. 
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East  and  west  from  the  break  along  the  railroad,  the  rocks  do  not  dif- 
fer materially  in  character  from  those  in  similar  position  along  the  Staun- 
ton pike,  where  the  relations  are  very  clear.  They  are,  therefore,  of 
Lower  Barren  age.  Borings  made  near  the  pike,  say  twelve  miles  south 
from  the  railroad,  show  the  thickness  of  the  Lower  Coal  Group  aud  the 
Conglomerate  to  be  not  far  from  six  hundred  feet,  and  borings  imme- 
diately north  from  the  railroad  show  about  the  same  thickne  s.  In  the 
several  cuts  near  Laurel  Juncticm  on  the  railroad,  there  are  exposed  sev- 
eral hundred  feet  of  strata  dipping  at  angles  varying  from  ten  to  seventy- 
five  degrees.  These  cannot  belong  wholly  to  the  Lower  Barren  Group, 
for  by  far  the  greater  portion  has  no  equivalent  in  that  group,  being  sand- 
stone clearly  underlying  the  mass  of  shales.  From  what  we  know  of  the 
Coal  Measures  in  this  portion  of  the  trough,  it  is  deemed  impossible  for 
the  Barren  Group  to  increase  so  enormously  within  barely  twelve  miles. 
The  greater  portion  of  these  upturned  rocks  must  belong  to  the  Lower 
Coal  Group,  and  must  be  identical  with  the  shattered  fragments  arranged 
in  rude  horizontality  between  the  sides  of  the  break. 


**  *  a ' — rather  heavy  bedded  gray  sandstone,  weathering  reddish  brown; 
*b^ — thin  sandstone  plates,  placed  on  each  other  like  saucers,  and  abut- 
ting on  *<r,'  which  is  a  bluish  fine  shale;  *d'  and  *d'  are  dark  heavy 
bedded  sandstones  '* 

Such  being  the  case,  it  is  evident  that  we  have  here  the  remains  of  an 
anticlinal.  All  the  conditions  go  to  show  that  the  upheaval  was  not  slow, 
but  very  violent,  even  explosive.  It  seems  as  though  the  rocks  had  been 
blown  out  with  such  force  as  to  fracture  them  on  the  crest  of  the  anticli- 
nal and  as  though  the  fiagments,  thus  produced,  had  fallen  into  the  broad 
gulf  and  keyed  up  the  sides.  In  conversation.  Prof.  Fontaine  has  com- 
pared the  conditions  with  those  which  would  result  if  the  top  of  a  hollow 
anticlinal  was  battered  in,  and  the  simile  is  a  good  one.     What  the  na- 
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ture  of  the  agency  producing  the  disturbance  was,  it  is  difficult  to  deter- 
mine. It  certainly  was  exerted  over  a  broad  area,  extending  in  the  re- 
gion examined  from  the  line  of  the  EUenboro'  fault  to  the  Ohio  River. 
Fissures  are  frequent  throughout  this  area,  the  most  notable  one  being 
that  containing  the  Grahamite.  This  has  been  fully  described  by  Prof. 
Fontaine  in  the  American  Journal  of  Science. 

The  oil  is  obtained  chiefly  from  rocks,  which  I  regard  as  belonging  to 
the  Gi^at  Conglomerate.  The  grade,  for  which  this  region  is  particnlarly 
noted,  is  of  heavy  speciiic  gravity  and  is  known  as  lubricating  oil. 
Lighter  oils  are  obtained,  but  occur  at  a  greater  depth  than  the  otben. 

Appendix.  Since  writing  this  paper  I  have  received  from  Dr.  W.  H. 
Sharp,  of  Volcano,  West  Virginia,  the  records  of  eighteen  borings  made 
in  different  portions  of  the  oil  break.  A  comparison  of  these  leaves  no 
room  for  doubt  that  the  strata  within  the  break,  though  apparently  hori- 
zontal, are  badly  broken  up,  iu  many  places  even  dove-tailing  or  not  in- 
frequently crushed  into  irregular  masses.  This  is  sufficiently  evident 
from  the  variations  in  the  interval  between  two  well  marked  strata, — the 
coal-bed,  already  mentioned,  and  a  limestone  at  some  di8t»,nce  below.  It 
is  possible,  l^owever,  to  make  an  approximate  estimate  of  the  thickness 
of  the  rocks,  for  several  wells  bored  at  somewhat  distant  localities  show 
a  close  agreement.  I  give  condensed  sections  of  four  borings.  No.  I  is 
near  the  eastern  ed<:e  ;  No.  11  is  in  similar  position,  but  one  mile  farther 
south  ;  Nos.  Ill  and  IV  are  near 'the  central  hue  of  the  '* break  "  and 
were  made  oa  lots  oG  and  33  of  the  Volcanic  Company's  tract  : 
I.  II. 

1.  Coal 3'  1.   Coal 3' 

2.  Shale 7^ 

3.  Sandstone 23'  2.  Interval  not  given  in  de- 

4.  Dark  Shale 03'  |  g  tail,  but  chiefly  Gray 

5.  Gray  Sandstone 79M  '^  Sandstone 233' 

«.  Light  Shale 33'  (  a»  ; 

7.  Gray  Sandstone 24' 

8.  Shale  and  S.  S 81'  I 

».  Aren.  Shale  and  L.  S...  77' J 

10.  Limestone 22'         i  3.  LimeHone 25' 

11.  Shale lOl'l  t^  '  4.  Shale  aud  Sandstone.  ...123M  S 


12.  Sandstone 32'J  ?    5.  Sandstone 12'J  P 

18.  Variegated  Shale 388'-;-      .  «.  Variegated  Shale 213'-f 

III.  .  IV. 

1.  Coal  and  Shale 8'  1.  Coal  and  Shale 11' 

2.  Sandstone 80']  ^    2.  Sandstone 17  1 

3.  Dark  Shale 32' |  g    3.  Dark  Shale 12    i 

4.  Gray  Sandstone 1^^' ^  S»    '*•  Sandstone 58   I  g 

5.  Shale 128'     S     5.  Shale '48   J* 

fl.  Sandstone 170' J  *    ,  0.  Shale  and  S.  S 23-  (  S» 

'  7.  Sandstone 82      r 

8.  Sandstone  and  S 50   | 

9.  S;indbtone 42  J 

7.  Limeftone 8'  10.  lAmeHone 17 

8.  Sandstone  and  some  11.  Sandstone  (&e 39  + 

Shale 128-1-     . 
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In  these  sections  the  interval  varies  from  233  to  4*^  feet.  In  another 
boring,  which  passes  through  both  the  coal  and  the  limestone,  the  dis- 
tance is  3^  feet.  Two  other  wells  were  driven  to  a  depth  of  386  and  397 
feet  respectively  below  the  coal,  without  reaching  the  limestone.  In  all 
these  wells  the  succession  of  strata  is  strikingly  similar,  though  there  is 
no  resemblance  in  the  thickness  of  individual  layers.  It  seems  quite  < 
probable  that  the  interval  is  not  far  from  three  hundred  feet,  making  all 
due  allowance  for  exaggerated  thickness  owing  to  irregular  dip  of  the 
riKsks.  The  abrupt  variations  in  the  interval  can  be  accounted  for  only 
by  supposing  that  the  strata  are  not  only  broken,  as  they  usually  appear 
in  many  of  the  railroad  cuttings,  but  also  actually  crushed  by  lateral 
pressure,  as  indeed  is  shown  in  one  of  the  illustrations  given  above. 
That  this  crushing  is  a  common  phenomenon  appears  from  the  frequent 
occurrence  of  the  term  '*  Heating  sand  "  in  the  records. 

The  record  of  one  boring  gives,  as  overlying  the  limestone,  **  18  feet  of 
sandstone  and  eoaV^  Since  this  coal  is  referred  to  in  no  other  record,  I 
am  inclined  to  regard  the  statement  as  an  error.  Above  the  main  coal 
and  separated  from  it  by  a  thin  stratum  of  shale,  there  is  in  every  in- 
stance a  sandstone, whose  thickness  appears  to  vary  from  20  to  80  feet. 
On  this  in  two  localities  and  eighty-five  feet  above  the  main  bed  is  a  thin 
coal,  two  feet  thick,  and,  at  one  place,  still  another  seam,  of  similar 
thickness  occurs  sixty-three  feet  higher.  Above  are  shales  for  a  cousid  - 
erable  distance,  probably  two  hundred  feet.  These  borings  confirm  the 
conclusion,  previously  given,  that  the  main  coal  is  the  Upper  Freeport  of 
Pennsylvania,  the  No.  VI  of  Ohio. 

Eleven  of  the  borings  pass  through  the  limestone  and  five  others  show 
by  their  sections  that  they  have  stopped  not  far  short  of  it.  In  fourteen 
of  these,  the  overlying  rock  is  described  as  sandstone  and  in  the  other 
two  as  sandy  shale.  In  twelve  instances  the  sandstone  is  more  or  less 
conglomerate.  Respecting  the  limestone  I  have  no  direct  information. 
It  is  seen  in  a  run  near  the  railroad,  a  short  distance  east  from  Laurel 
Junction,  but  no  search  has  been  made  in  it  for  fossils.  Under  the  lime- 
stone, sandstone  occurs  in  ten  borings  and  black  shale  in  one.  In  four 
instances  the  sandstone  is  quite  conglomerate.  Below  the  sandstone  is 
the  variegated  shale,  whose  thickness  is  unknown.  Near  the  Staunton 
pike  it  is  more  than  seven  hundred  feet. 

This  succession  leaves  no  room  to  doubt  that  the  overlying  rock  is  the 
Cf  reat  Conglomerate,  that  the  limestone  is  the  Lower  Carboniferous  lime- 
stone (Umbral)  and  that  the  underlying  rocks  are  the  Waverly  Conglom- 
erate and  shales  (Vespertine). 

Oil  is  found  in  the  Great  Conglomerate  as  well  as  in  the  shales  and 
conglomerate  of  the  Waverly.  The  heavy  lubricating  oil,  for  which  this 
district  has  been  celebrated,  occurs  at  the  upper  horizon,  while  the  lighter 
oils  arc  obtained  at  greater  depths.  Dr.  Sharp  informs  me  that  extensive 
**  water- veins''  are  seldom  encountered  in  the  borings. 

A.   p.  S.— VOL.    XIV.   2z 
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ON  THE  TRAPS  OF  THE  MESOZOIC  SANDSTONE  IN  YORK 
AND  ADAMS  COUNTIES,  PENNSYLVANIA. 

By  Persifor  Frazer,  Jr.,  A.  M. 

(Read  before  the  American  Philosophical  Society,  April  16,  1875.) 

Chemical  Propbrties. 

All  igneous  rocks  consist  principally  of  compounds  of  some  kind  of 
feldspar  (or  Nepbeline  or  Leucite)  with  pyroxene,  hornblende,  mica  or 
quartz,  and  generally  with  some  magnetite  and  other  subordinate  min- 
erals. All  these  again  may  be  divided  into  those  poor  in  Silica  or  Basic, 
or  those  rich  in  Silica  or  Acidic* 

The  average  compositions  of  these  two  kinds  of  igneous  rocks  are  : 


BASIC. 


Silica 

Alumina . .   . . 
Ferrous  oxide  ) 
Ferric  oxide     f 

Lime 

Magnesia  .... 

Potash 

Soda 

Water 


PER  CENT. 

45-CO 
10-25 


1-25 

1-15 

1-12 

1-9 

1-7 

0-4 


AVERAGE. 
52 
17 

IB 

8 
7 
5 
4 


PER  CENT. 
55-80 

10-15 

1-15 

0-8 
0-4 
1-1 1 
2-8 
0-6 


AVERAGE. 
67 
12 

8 

4 
2 
6 
5 
8 


Taking  these  ideal  average  percentages  of  the  constituent  compounds 
of  these  two  classes  of  rocks,  throwing  them  into  a  more  convenient 
form  and  neglecting  small  fractions,  we  have  : 


BASIC. 

PER  CENT. 

Silicon 24.96 

Aluminum 9.00 

Iron  from  Fe.A,  say 4.5 

Iron  from  FeO  say 5.0 

Calcium 5.7 

Magnesium 4.H 

Potassium 4.1 

Sodium 2.9 

Hydrogen 0.2 


OXYGEN. 

27.0 
8.0) 
2.0) 
1.51 
2.3 
2.7^ 
0.8  I 
1.0  I 
1.8J 


OXYGEN  R.\TIO. 
27 

10 


10 


Total  oxygen 47.1 

Of  course  it  is  understood  that  these  figures  represent  no  combination 

*  Rocks  Classtiflod  and  Described,  by  li.  v.  Cotta.   Translated  by  H.  Lawrence.    Lon- 
don.  Longmanfi,  Oreon  k  Co.,  1866. 
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uf  elements  actually  possible,  and  that  the  ratio  of  the  Oxygen  of  the 
Silica  to  that  of  the  protoxide  and  sesquioxide  bases  is  only  approxima- 
tive to  that  of  a  mixture  of  minerals  representing  a  mean  of  the  highest 
and  lowest  percentages  of  thbse  elements  which  are  more  commonly 
found  in  Basic  igneous  rocks. 
The  same  remark  applies  equally  to  the  next  following  class  : 

ACIDIC. 


PEK  CENT.  OXYGEN. 

Silicon 32.16  34.84 

Aluminum 6.38  5.62  ^ 

Iron  from  FeA  say 2.80  1.20  f 

Iron  from  FeO  say 3.08  0.92  ^ 

Calcium  2.86  1.14 

Magnesium 1.22  0.88 

Potassium  '.      3.24  2.76 

Sodium 3.70  1.30 

Hydrogen 0.33  2.67  J 

Oxygen 51.33 

Bunsen*8*  classes  were  as  follows : 

PYROXENIC. 

Silica 48.47 

Alumina         \  on  in ' 

Ferricoxide  f ^"'^^ 

Lime 1 1.87 

Magnesia 6.89 

wSoda 1.96 

Potash  0.65 


OXTOBK  RATIO. 

34.84 
6.82 


9.67 


TRACHYTIC. 
76.67 

14.23 

1.44 
0.28 
3.20 
4.18 

100.00 


Total 100.00 

Bringing  them  into  the  same  form  as  tho  above,  we  have  : 
PYROXENIC. 

PER  CENT.   OXYGEN.   OXYGEN  RATIO. 

Silicon 23.26 

Aluminum  (say  15  p.  c.  Al^Oa).  7.95 

Iron  (say  15.16  p.  c.  FeA)  •  •  •  •  1^.61 

Calcium 8.47 

Magnesium 4.22 

Sodium 1.45 

Potassium 0.54 


25.21 

25.21 

7.05) 
4.55  ) 

11.60 

3.401 

2.67 
0.51 
0.11  J 

6.69 

Oxygen  . 


Total  acid  and  basic  rad- 
icals      56.48 


43.50 


»  Pogg.  Ann.,  1851,  Vol.  LXXXIII. 
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TRACHYTIC. 

PER  CENT. 

Silicon 36.80 

Aluminum  (say  7  p.  c.  A\.fi^)..  3.71 

Iron  (say  7.23  Fo-A) 5-06 

Calcium 1.03 

Magnesium 0. 17 

Sodium 2.37 

Potassium 3.47 

Oxygen  


OXYGEN. 

39.87 
3.28) 
2.17) 
0.411 
0.11  I 
0.83  [ 
0.71  J 


47.38 


OXTOEN  RATIO. 
39  87 

5.45 


2.06 


Total  acid  and  basic  rad- 
icals      52.61 

In  the  Journal  of  Science  and  Arts,  Vol.  IX,  March,  1875,  is  a  paper 
by  Mr.  Geo.  W.  Hawes,  on  the  Trap  Rocks  of  the  Connecticut  Valley,  in 
which  a  number  of  closely  accordant  analyses  of  dolerites  are  given,  the 
specimens  being  selected  from  various  localities  in  the  Mesozoic  Sand- 
stone Belt  of  that  State. 

A  Dolerite  taken  from  a  dyke  known  as  West  Rock,  and  standing  west, 
of  New  Haven,  gave  to  Mr.  Hawes  the  following  results,  which  have  been 
embodied  in  the  form  of  the  preceding  hypothetical  compositions. 

ANALYSIS  I,  OF  WEST  ROCK. 


PER  CENT. 

Silicon 24.86 

Phosphorus 0.06 

Aluminum 7.55 

Iron  (from  Fe/)^) 2.48 

Iron  (from  Feb) 6.36 

Manganese  (from  MnO) 0.32 

Calcium 7.58 

Magnesium '. 4.67 

Sodium 1.59 

Potassium  0.32 


OXYGEN.      OXYGEN  RATIO. 

26.04  I 


0.08) 

6.65  ) 

1.07) 

1.901 

0.10 

3.00 

2.96 

0.56 

0.06 


27.02 


7.72 


8.58 


Ignition 0.63 

Oxygen  


43.32 


Acid  and  basic  i*adicals..     56.42 

On  comparing   this    analysis  with   the  hypothetical  composition  of 
Cotta's  Basic  Igneous  Rock,  it  will  be  observed  that  the  Silicon  (inclu- 
ding under  this  head  the  small  per  cent,  of  P.  present  in  West  Rock),  is 
almost  tlio  same  in  both,  as  also  is  the  percentage  of  radicals  in  the  pro 
tozide  bases,  while  the  per  cent,  of  Oxygen  of  both  protoxide  and  ses- 
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quiozideSy  and  the  per  cent,  of  the  radicals  of  the  sesquiozide  bases 
are  somewhat  less  in  the  actual,  than  in  the  hypothetical  analysis. 

In  tabular  form  the  projlortions  would  stand  as  follows  : 

HTPOTHBTICAL  BASIC 

IGNEOUS  ROCK.      WEST  ROCK. 

Silicon     ) 24.96  24.02 


} 


Oxygen) 27.00  27.02 

Aluminum  )     ^ 13.50  10.03 


I: 


lion  (from  peroxide)  ^ 

Oxygen                             ^ 10.00  7.72 

Radicals  of  protozide  bases   1 ^. 22.20  20.84 

Ozygen                                     ) .' 10.00  8.58 

A  mean  of  40  analyses  of  Labradorite  recorded  in  Dana's  Mineralogy, 
is  as  follows : 

PER  CENT. 

Silica 53.09 

Alumina 27.90 

Ferric  ozide 1.33 

Magnesia 0.93 

Lime 10.88 

Soda 4.09 

Potash 1 .  08 

Water 0.84 

Total 99.30 

Or  in  the  simple  form  : 

PKR  CENT.   OXYGKN.   OXYGEN  RATIO. 

Silicon  25.48  27.61                  27.61 

Aluminum 14.73  12.96) 

Iron  (from  FeA) 0.93  0.40  ) 

Magnesium : 0.24  0.15' 

Calcium 7.77  3.11 

Sodium 3.03  1.06 

Potassium 0.08  0.10 

Hydrogen 0.00  0.75 . 


13.36 


5.26 


Mr.  Hawes  extracted  enough  crystals  of  pyroxene  from  one  specimen 
of  Connecticut  trap  to  enable  him  to  determine  its  constitution. 

It  bears  the  nearest  resemblance  to  an  Augite  of  the  Rhone,  analyzed 
by  Elaproth  : 
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Si. 


Al. 


I  I        I     IgnitioDy    I 

Fe.  Mn.;  Ca.JMg.  I  Alkalies  and  Total. 
'       '       >        i       Loss.      i 


Connecticut  pyroxene  .  24.34  1.88  11.00  0.6:10.53  8.34         2.65 


Oxygen . . 


26.3711.76   3.40  0.18  3.82  5.20 

I  I  I 


Augite  (Rhone*) 24.06  3.06    8.48  0.10  1.00  7.80         4.23 

Oxygen 27.042.70   2.54  0.06  4.004.05 


56.62 


I  40.8*J 

I 

54.40 
41.29 


Assuming  the  pyroxene  analyzed  by  Mr.  Hawos  to  represent  that  con- 
stituting part  of  these  traps,  and  assuming  furthermore,  the  above 
average  of  40  analysis  of  Labradoritc  as  constituting  the  remaining  part, 
we  have  the  following  comparative  table,  which  is  calculated  by  com- 
paring the  sum  of  the  percentages  of  each  element  of  the  two  minerals 
with  double  the  percentage  of  the  same  element  in  West  Rock. 


Per  Cent. 


La})radorite. 

Augite. 

West  Rock. 

Elements. 

Di)ubie 
Equivalent. 

Deficient.    In 

Exce 

Si. 

25.48 

24.34 

40.72 

0.10     ' 

P. 

1.88 

0.12 
15.10 

1.51       1 

0.12 

Al/' 

14.78 

Fe.-« 

0.03 

4.06 

4.t)3 

Fe"  &'  Mn'' 

12.53 

13.36 

0.83 

Ca. 

7.77 

0.53 

15.16 

2.14 

Mg. 

0.24 

8.34 

0.34 

0.76 

Na. 

3.03 

1.65(?) 

3.18 

1.50(?)  ' 

K. 

0.08 

1.00(?) 

0.64 

j      1.34(?) 

Of  the  constituents  neceswiry  to  form  a  mixture  of  one  molecule  of  each 
of  the  above  mentioned  minerals,  tliere  arc  in  West  Rock  : 
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CHEMICAL  UNITS. 


Elementp. 

Deficient 

AV 

0.165 

Fe./» 

Fe"  &  Mn" 

Ca. 

0.107 

Mg. 

Na.                  1 

0.005 

K. 

0.034 

Sum. 


0.371 


In  Excess. 


0.216 
0.030 

0.063 


0.309 


Si. 
P. 


0.014 


0.011 


Supposing  the  basic  radicals  in  excess  to  replace  those  deficient,  there 
are  wanting  0.062  (=  0.28  p.  c),  and  of  the  acid  radicals  0.003  units 
(=  0.018  p  c.)  to  fulfil  theoretical  requirements. 


Or,  to  throw  this  into  a  rough  practical  form  susceptible  of  easy  com- 
])arison  : 


Double  Equivalent  of  Constituents 
of  West  Rock. 


Si     (P-  &c.) 


24.92"  X  2 


10.03  X  2 
20.84  X  2 

49.82 

49.82 

A12  &<^- 

20.06 
41.68 

15.66 
1.88 

17.54 

Dyad   and  " 
Monad 

11.80 
30.40 

Radicals,  , 

42.20 

I  25.48  1  molecule  Labradorite. 

24.34  1         *»        Augite. 


1  molecule  Labradorite. 
1        *  *        Augite. 


1  molecule  Labradorite. 
1         "        Augite. 
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A  specimen  of  Dplerite  was  taken  from  Heeler's  farm,  2  miles  B.  W.  of 
York,  York  county,  Pa.,  and  submitted  to  Dr.  F.  A.  Genth  for  analysis, 
which  is  as  follows  : 

PER   CENT. 


Silicic  acid 52.53 

Phosphoric  acid 0. 15 

Titanic  acid  0.32 

Alumina 14.35 

Ferric  oxide 5.93    Iron  (from  Fe^Oj)  4. 15 

Ferrous  oxide 5.45  ;  Iron  (from  FeO)   4.23 


Silicon 24.51 

Phosphorus..  0.06 

Titanium....  0.19 

Aluminum  . .  7.65 


Manganous  oxide trace 

Magnesia 7.99 

Lime 10.27 

Lithia faintest  trace. 

Soda 1.87 

Potash 0.92 

Copper trace. 

Sulphur 0.08 

Ignition 1.23 


Manganese . 
Magnesium 
Calcium. . . . 
Lithium  . . . 
Sodium  . . . . 
Potassium. . 

Copper 

Sulphur  . . . . 


4.79 
7.33 

1.38 
0.76 

0.08 


Oxygen. 
/  28.02 


28.24  j 

8.48  { 
f 


0.10 
0.12 
6.70 
1.78 
1.21 


3.20 


8.00 


2.94 

0.49 
0.16 


Total 101.04 


These  constituents  in  chemical  units  give: 

Silicon 3.500  ) 

Titanium 0.01 5  J 

Aluminum 0.834 

Iron  (from  sesquioxide) 0.222 

Iron  (from  protoxide) 0. 1 50 

Magnesium 0.399 

Calcium 0.366 

Sodium 0.060  . 

Potassium 0.019  J 


Difference. 


3.51fi 


2.050 


1.465 


DOLERITE  FROM  BEELER'S. 
Total  units  in  rock 


11.13') 


Chemical  units  of  Si.  and  Ti. . . . 
**  '*     of  basic  radicals. 


Excess  of  units  of  Silicon,  &c 

{Neglecting  Sulphur) 


8.515 
2.050 

1.465 
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'  CHRM.  UNITS. 

Total  chemical  units  of  oxygen 5^65 

Excess  of  units  of  acid  over  basic  radicals  (=  units  of 

saturating  oxyg^en) 1.465 

Linking  oxygen 4.100 

=  32.80  p.  0. 
Saturating  Oxygen  =  11.72  p,  c. 

Hence  the  conclusion  that  4.09  p.  c  of  this  rock  is  Silicon  combined 
as  ortho-silicic  acid,  according  to  the  formula  M'^Si*'  O"^,  and  the  re- 
maining 20.51  per  cent,  exists  in  the  form  of  the  mouo-meta  acid,  or  as 
M',8i*^  O'',. 

The  excess  of  the  chemical  units  of  Si.  over  those  of  the  basic  radi- 
cals, will  also  serve  to  explain  the  fact  (mentioned  to  me  by  Mr.  Hawes  in 
reference  to  the  Ct.  Traps,  but  which  I  have  not  yet  sufficiently  verilied 
in  those  from  our  own  State),  that  in  many  cases  free  Silica  is  observed 
in  them. 

It  may  be  added  that  the  reduction  of  the  analysis  of  these  rocks  to  a 
form  which  gives  the  measure  of  chemical  force  employed  in  the  com- 
position of  their  constituent  minerals,  and  in  a  single  unit,  ».  «.,  the 
ratio  of  the  percentage  weight  by  the  equivalence  to  the  atomic  weight, 
seems  a  very  convenient  one  to  employ  in  discussing  the  questions  here 
considered. 

It  is  interesting  to  observe  that  while  the  analysis  of  the  Connecticut 
Dolerite  agrees  very  well  with  a  mixture  of  one  molecule  of  Labradorite 
to  one  of  Pyroxene,  that  from  Heeler's  farm  corresponds  even  more  closely 
with  a  mixture  of  two  molecules  of  Labradorite  to  one  of  Pyroxene.  In 
this  table  the  same  analyses  of  Labradorite  and  Pyroxene  are  used  as  in 
the  former  case. 

3  molecules  of  Beeler's      | 

dolerite.  ,   . 

49.40  (24.7  X  2)  2  molecules  of  Labradorite. 

24.65  X  '^  24.34  1  molecule,  Pyroxene. 

=  73.05    '73.74 


Si 


^i    11.81  X  3  32.40  (16.2  X  3)  2  molecules,  Labradorite. 

1 .88  1  molecule,  Pyroxene. 


Alo&c. 


35.43  34.28 


23.60  (11.8  X  2)  2  nrolecules,  Labradorite. 
^/l*1iad^^^  ^^'^^  '^^  ^  ^^'^  ^  molecule,  Pyroxene, 


Basic 
Radicals, , 


55.35    54.00 
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OPTICAL  PROPERTIES. 
Syenite  (?)  from  Cemetery  Hill,  near  Gettysburg,  Adams  Co.,  Pa. 

Contains  Feldspar,  Hornblende  and  Magnetite,  and  some  Biotite,  with 
Quartz  rarely.  With  a  single  Nicolas  prism,  the  blades  of  Hornblende  aie 
fully  dichroic.     Both  that  and  the  feldspar  are  speckled  and  spotted. 

Between  two  NicoPs  prisms  the  Labradorite  polarizes  through  blue, 
yellow,  and  lilac  ;  the  Hornblende  from  white  to  brown  and  black ;  and 
the  Quartz,  which  is  sparingly  present,  gives  brilliant  colors. 

Iq  the  thick  specimen  examined  under  the  microscope  the  feldspar  dif- 
fers from  that  of  the  equally  thick  specimens  of  dolerite  in  being  more 
transparent  and  "  icy' '-looking,  resembling  Adularia,  and  here  and  there 
are  seen  small  grains  of  a  transparent  mineral  giving  the  rainbow  oolors 
of  quartz. 

The  tine  slice  reveals  the  feldspar  in  a  state  not  easily  distinguishable 
and  of  weathered  appearance,  and  also  several  objects,  which  from  their 
colors,  green  and  red,  resemble  small  fragments  of  pyroxene.  While 
therefore,  there  is  no  doubt  of  the  occurrence  of  hornblende  in  suffi- 
cient quantity  to  give  the  character  to  this  rock,  the  question  as  to  its 
proper  name  will  be  remanded  to  future  study. 

Dolerite  from  Berler's  Farm,  2  Miles  S.  W.  of  York. 

This  slide  at  275  diameters  and  between  Nicol's  prisms,  shows  an  ag- 
gregate of  irregular  portions  of  crystals  of  pyroxene  and  Labradorite  with 
the  accompanying  magnetite.  The  surfaces  of  the  crystals  are  rough, 
but  thoy  do  not  seem  to  be  so  much  afl'ected  by  weathering  as  in  that 
marked  No.  3. 

Dolerite  (No.  JJ)  from  Beeler'»  Farm,  2  Miles  S.  W.  of  York. 

The  Labradorite  and  pyroxene  of  this  specimen,  under  275  diameters, 
appear  in  much  the  same  condition  as  those  of  the  slide  from  the  Mum- 
per dolerite .  The  blades  of  Tjabradorite  are  twinned  and  sometimes  gen- 
iculated  ;  the  two  individuals  polarizing  alternately  light  and  brown. 

Certain  parts  of  this  slide  are  very  rich  in  a  lino  rod-like  crystal  ap- 
parently uniaxial  which  may  be  set  down  with  safety  as  apatite.  A  very 
large  number  of  these  little  crystals  is  distributed  throughout  the  whole 
mass. 

Dolerite  from  Mumper  Shaft,  1  Mile  N.  of  Dim.sburg,  York 

Co.,  Pa. 
The  thin  section  (magnified  56.8  diameters)  and  with  i  in.  aperture, 
exhibits  blades  of  Labi-adorite  very  finely  and  regularly  striated,  mixed 
together  with  yellowish  green  masses  of  pyroxene  irregularly  cleft  and 
stippled  on  the  surface  like  fish  roe  and  containing  magnetite,  around 
whioh  is  to  be  seen  a  brownish-yellow  Ktain  due  to  its  partial  conversion 
into  ferric  hydrate.  With  appcrtures  of  ^  in.,  ^  in.,  and  8-16,  the  same 
appearances  are  manifest,  but  not  so  clearly. 
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With  the  Lieberkuha  reflector  the  fragments  of  magnetite  assume  a 
partially  metallic  lustre. 

With  one  NicoVs  prism  there  is  a  faint  appearance  of  dichroism  in 
some  isolated  sp  jts  of  some  of  the  pyroxene  crystals  but  in  general  there 
is  no  change. 

Between  two  Nicolas  prisms  the  pyroxene  changes  from  green  to  pink 
(sometimes  giving  a  transient  spot  of  deep  purple),  and  the  irregular  rifts 
in  its  mass  are  more  plainly  visible. 

The  Labradorite  changes  abruptly  along  the  planes  of  twinning  to  light 
brown  and  pale  greenish-blue  from  white.  The  striation  is  very  appa- 
rent and  polarization  is  usually  complementary  in  two  or  three  sections 
of  the  single  blade. 

The  magnetite  of  course  remains  unchanged. 

Between  Kiool's  prisms  and  magnified  275  diameters  the  outlines  of  the^ 
constituent  crystals  of  this  rock  are  very  sharp,  and  the  pyroxene  in  par- 
ticular  shows  very  brilliant  shades  of  purple  and  green. 

The  cleavage  is  quite  apparent,  and  the  whole  rock  seems  but  little* 
altered. 

DOLERITB  FROM  LoOAN'S  ShaPT,  1  MlLE  N.  OF  DlLL&BUBXK 

This  slide  resembles  the  others  but  is  less  decomposed  and  compounded 
of  finer  crystals  than  the  others.  It  exhibits  Labradorite,  pyroxene  and 
magnetite,  besides  acicular  crystals  which  appear  to  ba  apatite. 

Under  275  diameters  the  Labi*adorite  and  pyroxene  have  a  rough  ap^ 
pearance,  as  if  covered  with  little  bubbles,  due  perhaps,  to  incipient  de- 
composition. A  number  of  small  needle-like  apatite  crystals  are  scat- 
tered through  the  mass. 

The  greater  part  of  the  Labradorite  (which  is  twinned  as  usual)  lacks 
sharpness  of  outline. 

The  photographs  and  zinc  plates  from  the  photo-zincograph  process  have 
been  prepared  by  Mr.  Anthony  Wenderoth,  of  this  city,  to  whom  great 
credit  is  due  for  his  skill  in  overcoming  what  have  been  hithei*to  coisidered 
insuperable  difilculties.  In  the  present  state  of  photography  it  is  im- 
possible to  make  a  picture  from  nature  of  the  constituents  of  a  complex 
rock  of  this  kind,  and  at  the  same  time  to  preserve  the  identity  of  each 
to  the  eye.  Indeed  the  outlines  of  the  separate  minerals  will  blend  more 
or  less  into  each  other  when  the  colors  are  such  as  will  affect  the  sen- 
sitized plate  imperfectly.  Another  drawback  is  that  yellow  and  red  min- 
erals photograph  black,  and  the  former  being  one  element  of  the  color  of 
many  pyroxenes,  the  black  spots,  which  should  iniicate  magnetite,  are 
sometimes  extended  out  of  all  reason,  when  the  two  last  mentioned  min- 
erals occur  together.  Another  evil  is  that  the  same  mineral  may,  by  rea- 
son of  slightly  differing  thicknesses  in  different  parts  of  the  slide,  assume 
totally  different  colors.  And  still  another,  is  that  part  of  the  stippled  ef- 
fect is  often  due  to  the  necessities  of  the  process.  Yet  in  spite  of  these 
disjid  vantages,  some  of  which  at  least  experience  and  patience  will  enable 
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US  to  overcome,  these  plates  are  among  the  most  faithful  representations 
of  the  facts  as  seen  through  the  microscope  which  have  yet  appeared. 

With  suitable  apparatus  and  after  some  prefatory  trials,  I  have  hopes  of 
producing  more  perfect  results,  and  of  obtaining  sharp  level  photographic 
outlines,  which  can  be  colored  if  necessary  to  correspond  to  five  or  six 
positions  of  the  analyzer  during  its  rotation. 

[Note  —In  connection  with  this  paper  a  series  of  thin  slices  of  Con- 
necticut Traps,  made  by  Mr.  E.  8.  Dana,  of  Yale  College,  the  Penn 
sylvania  specimens  referred  to  in  the  text,  as  also,  photographs  of  maps 
of  York  County  and  Gettysburg,  and  the  positive  picture  on  glaps  of  the 
slices  of  136  diameter  enlargement,  were  projected  on  the  screen.] 


EXPLANATION   OF  THE  PLATES. 
Platb  I. 

Fio.  1.  This  photograph  was  among  the  first  made  with  an  ^  micro- 
scopic objective.  A  portion  of  the  edge  of  the  section  was  included  in  the 
field  in  order  that  the  portion  represented  might  be  more  easily  recog- 
nized and  studied  under  the  table-microscope. 

The  enlargement  is  very  nearly  34  diameters..  The  original  is  a 
dolerito  (No.  8)  containiog  pyroxene  (a),  magnetite  (5),  plagioclase  (labra- 
dorite)  (r),  and  some  scattered  needles  of  apatite  (d). 

The  previous  description  of  the  dolerite  No.  3  from  Beeler's  farm 
applies  to  this  specimen. 

Fio.  2.  The  negative  of  this  print  was  made  in  polarized  light  and  is 
another  portion  of  Fig.  1,  Pl.  IV. 

The  object  is  a  specimen  of  dolerite  from  Beeler*s  farm  marked  No.  4. 

The  rock  is  seen  to  be  a  confused  mass  of  crystal  fragments  consisting 
of  labradorite  (a),  pyroxene  (6),  and  magnetite  (e), 

Plate  II. 

Fio.  1.  The  negative  of  this  print  was  taken  with  a  |  microscopic 
•objective,  and  the  enlargement  is  about  130  diameters.  The  minerals 
•constituting  this  rock,  (which  occurs  on  Cemetery  Hill,  Gettysburg, 
Adams  County,  Pa.,  and  has  been  provisionally  called  Syenite,)  arc  more 
or  loss  weathered,  as  their  rough  appearance,  caused  by  their  numerouB 
cavities,  sufficiently  shows. 

a.  Crystals  of  feldspar. 

b.  Hornblende. 

c.  Magnetite. 

Fig.  2.  This  object  is  specimen  1  of  dolerite  from  Beeler's  farm,  S 
miles  S.  W.  of  York,  and  is  magnified  136  diameters. 

a.  liabradorite. 

b.  Pyroxene. 
£.  Magnetite. 
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The  surfaces  of  both  feldspar  and  pyroxene  (and  especially  of  the 
latter)  are  covered  with  small  cavities. 

Plate  III. 

Fig.  1.  This  is  a  dolerite  from  Logan's,  a  shaft  contiguous  to  the 
Mumper  shaft.  Besides  exhibiting  the  relations  of  the  light-colored  slabs 
of  labradorite  to  each  other,  and  the  pyroxene  which  forms  a  matrix 
for  them,  there  are  two  distinct  apatite  crystals  reproduced  in  the  priut. 

a.  Labradorite. 

b.  Pyroxene.  ^ 
e.  Apatite. 

Central  black  spot,  Magnetite. 

Fio  2.  Thin  section  of  a  dolerite  from  a  shaft  on  Mumper's  property 
about  1  mile  N.  of  Dillsburg.  The  dyke  of  which  this  is  a  section  cuts 
the  ore  bed  at  a  short  distance  beneath  the  surface.  * 

In  this  print  there  is  a  labradorite  of  unusual  size,  in  which  is  im- 
bedded a  small  mass  (of  pyroxene)  (?)  which  appears  black  in  this  light. 
The  striatton  of  other  labradorite  crystals  is  distinctly  seen,  while  the 
outlines  of  the  magnetite  crystals  are  unusually  sharp. 

a.  Labradorite. 

b.  Pyroxene. 
e.  Magnetite. 

Plate  IV, 

The  figures  in  this  plate  were  photographs  of  the  same  object  but 
under  different  conditions  of  polarized  light.  Figs.  1  to  5  inclusive, 
were  photographed  in  five  different  positions  of  the  analyzer.  A  peculiar 
crystal  of  pyroxene  which  exhibits  a  median  line  differing  in  color  from 
the  body  of  the  crystal  was  made  the  guide.  The  purpose  of  these  ex- 
periments was  to  see  whether  moans  could  not  be  discovered  to  di  crimi- 
nate between  the  effects  of  anactinic  light  and  opacity,  by  the  camera 
alone.  The  object  was  a  thin  section  of  a  dolerite  from  Beeler's  farm, 
2  miles  S.  W.  of  York,  marked  No.  4. 

Fio.  1.  This  pyroxene  appears  of  a  light  color  and  with  a  dark  coie, 
which  in  turn  contains  an  irregularly  formed  light-colored  axis.  The 
boundary  between  this  crystal  and  the  magnetite  at  its  right  hand  extrem- 
ity is  sharply  defined  ;  and  the  division  between  this  pyroxene  and  a 
neighboring  fragment  just  below  its  lower  edge  is  also  evident. 

Fio.  2.  In  this  photograph  polarizer  and  analyzer  are  in  the  same 
phase.  The  main  crystal  is  still  li  <ht-colored,  but  there  is  less  defini- 
tion about  the  middle  part  of  its  dark  nucleus,  a  light  band  extending 
nearly  across  it  at  this  place.  The  pyroxene  lying  below  its  lower  edge, 
which  was  dark  in  Fig.  1,  has  now  become  light,  and  the  line  of  division 
between  the  two  crystals  is  nearly  obliterated,  except  at  one  point  where 
a  small  magnetite  appears  in  relief  against  the  light  background.  The 
an^le  of  the  analyzer  was  not  determined. 
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In  Fig,  8,  the  main  crystal  has  become  almost  entirely  black  with  a 
light  core.  The  upper  end  now  blends  with  the  magnetite  alongside  of 
it,  and  the  pyroxene  on  the  lower  side  has  become  sensibly  darker,  but 
still  leaves  the  small  crystal  of  magnetite  apparent.  The  angle  of  the 
analyzer  was  not  determined. 

In  Fig.  4,  with  an  angle  of  -t.  135^  from  the  first  position,  the  appear- 
ance  is  nearly  the  same  as  in  Fig.  1 ;  and  in  Fig.  5  as  in  Fig.  8. 

In  Fig.  6,  which  was  taken  in  the  same  position  of  the  analyzer  as  Fig. 
4,  a  new  condition  was  iatroduced,  viz. :  a  thin  plate  of  selenite  was 
interposed  over  the  slide  and  between  polarizer  and  analyzer.  The 
effect  is  a  general  resemblance  to  Figs.  1,  2  and  4. 

These  attempts  to  utilize  the  art  of  micro-photography,  for  the  delinea- 
tion of  the  facts  as  seen  through  a  microscope  of  moderate  power,  are  yet 
crude  and  undoubtedly  susceptible  of  very  great  improvement,  and  my 
only  excuse  for  offering  them  to  the  Society  in  their  present  unfinished 
state,  is  the  supreme  importance  of  using  every  means  in  our  power  at  the 
present  time  to  illustrate  the  conditions  of  structure  of  these  micro-orys- 
talline  (once  crypto-crystallinc,  but  now  so  no  longer)  igneous  rocks  ; 
and  tlie  hope  that  the  eff'ort  to  enlist  the  pencil  of  the  sun  in  these  repro- 
ductions, however  imperfect  it  may  be  in  its  beginning,  may  be  ulti- 
mately successful. 

It  has  not  been  attempted  in  this  paper  to  specify  all  the  constituents 
of  these  traps  ;  to  do  this  a  further  laborious  study  of  many  more  slides 
would  be  ncccssiry  :  but  only  to  point  out  those  of  most  frequent  occur- 
rence and  of  principal  importance,  which  can  be  recognized  in  the  photo- 
graphic representations. 


ON  CREMATION  AMONG  THE  DIGGER  INDIANS. 

By  W.  J.  HOFFMAK,  M.  D. 

(Head  before  the  American  PhilofopJiical  Sociefj/,  April  16, 1875.) 

In  my  last  communication,  I  described,  in  part,  the  funeral  ceremony 
of  that  sub-tribe  of  Pah-Utes  inhabiting  the  vicinity  of  Spring  Mountain, 
Nevada,  and  in  looking  over  my  notes  made  in  1871-2,  I  find  that  cre- 
mation was  also  practiced  by  the  Digger  Indians  (Pah-Utes)  living  around 
Marysville,  Cal.  I  would  here  state,  that  as  far  as  I  have  been  able  to 
compare  the  language,  or  rather  dialects,  customs,  beliefs,  ethnolos^y* 
etc.,  I  am  inclined  to  trace  the  various  sub-tribes  of  Utes,  Pah-Utea  (in- 
cluding Diggers)  and  Gosh-Utes,  to  one  common  type.  Their  bands  are 
Bcatterad  over  an  extent  of  country,  from  the  northern  interior  portion 
of  California,  southward  throughout  that  State  to  Owen's  Lake,  thenoe 
irregularly  eastward  into  Utih  and  Colorado,  making  a  distance  between 
the  two  limits  of  about  one  thousand  miles.  The  dialects  are  similar  to 
a  great  extent,  except  where  they  have  adopted  many  Spanisli  words,  and 
these  incorrectly  pronounced. 
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Cremation  as  practised  at  Marysville,  is  very,  similar  to  the  form  at 
Spring  Mountain,  but  to  give  as  clear  an  idea  as  possible,  I  shall  repeat 
it.  When  an  Indian  (e,  g.^  a  male)  becomes  dangerously  ill,  all  the  re- 
maining ones  of  that  raneheria  move  a  short  distance  away,  leaving  the 
sufferer  to  himself.  The  wife,  or  one  of  his  relatives,  supplies  him  daily 
with  food  and  water.  In  case  death  ensues,  the  male  friends  of  the  de- 
funct prepare  everything  for  the  usual  ceremonies.  Some,  wrap  the 
corpse  into  a  blanket,  and  tie  it  with  grass  ropes  to  keep  the  body  stiff 
and  straight ;  while  others  gather  pine  wood,  which  they  arrange  into  a 
pile  about  four  feet  broad  and  eight  feet  long,  high  enough  to  contain 
rather  more  than  a  cord,  upon  which  the  corpse  is  placed,  with  all  his 
favorite  valuables,  such  as  bows  and  arrows,  blankets,  gun,  etc.  All  the 
Indians  then  form  a  circle  around  the  pile,  fire  is  applied,  and  several 
men  are  stationed  near,  with  long  poles,  to  stir  up  the  coals  and  burning 
embers,  to  hasten  the  work.  When  the  body  has  been  reduced  to  the 
smallest  possible  quantity  or  bulk,  (ashes  or  crisp)  the  widow  approaches 
and  scraping  up  some  of  the  resinous  exudation  of  the  pine,  covers  her 
face  and  hair  with  it,  signifying  that  she  will  not  entertain  any  proposals 
of  maiTiage  as  long  as  any  trace  of  the  resin  adheres  to  her  person.  The 
remains  are  then  collected  ^nd  transferred  to  a  piece  of  blanket  or  buck- 
skin, in  which  they  are  buried  near  camp.  Their  I'eason  for  burning  all 
the  usual  trinkets,  etc. ,  of  the  dead,  is  the  same  as  at  Spring  Mountain, 
t.  e.j  that  when  the  Indian  reached  the  better  land  (the  white  man*s 
hunting-ground  in  the  direction  of  the  rising  sun),  he  must  be  prepared 
to  take  part  in  the  chase,  as  he  was  wont  to  do  on  this  earth . 

*****  -3f  -Jt- 

The  Modocs,  now  so  well  known,  also  practised  this  custom  as  late  as 
the  year  186S,  when  it  was  discontinued,  they  having  adopted  the  mode 
of  burial  practised  by  the  tribes  living  to  tlie  north  of  their  territory. 
The  only  differences  were  that  the  chief  mourner  would  cover  his  (or 
her)  face  and  hair  with  the  blood  and  grease  which  ran  from  the  burning 
body,  instead  of  using  the  resio  ;  and  that  the  ashes  were  buried,  usually, 
in  a  small  basket  made  of  grass  or  fine  roots,  and  shaped  like  a  small 
basin  or  bowl.  The  ashes  were  also  buried  near  camp,  from  two  to  three 
feet  below  the  surface. 

In  conclusion,  I  would  say,  if  the  name  Digger  is  applied  to  those  Pah- 
Utes  who  obtain  their  food  to  a  great  measure  from  the  ground  such  as 
roots,  lizards,  etc.,  etc.,  why  not  call  those  tribes  Diggers  also  who  are 
lower  in  the  scale  of  humanity,  as  the  Seviches,  who  live  on  the  Colo- 
rado Plateau,  near  the  western  terminus  of  the  Grand  Cafion.  They  are 
decidedly  the  most  loathsome  beings  who  live  within  the  limits  of  the 
United  States.  (I  shall  report  more  accurately  upon  this,  and  adjoiniog 
bands  in  some  future  paper.)  The  Sho-sho-nees  and  their  sub-tribe,  the 
Snakes,  also  live  on  roots,  herbs,  lizards,  toads  and  insects,  besides  the 
fish  and  fowl  they  are  sometimes  able  to  obtain. 

«*****« 

Reading^  April  5th,  1875. 
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LUNAR-MONTHLY  RAIN-FALL  IN  THE  UNITED  STATES. 

Bt  Flint  Earlb  Chasb,  Professor  of  Physics  in  HAVfJiFORD 

College. 

{Read  before  the  American  Philosophical  Society,  April  IG,  1875.) 

When  the  Meteorological  Department  of  the  Signal  Service  Bareau  was 
first  organized,  I  helieved  that  tlie  extent  of  territory  embraced  bj  the 
observations  would  soon  furnish  material  for  useful  generalizations,  in 
respect  to  the  importance  of  climatic  influences  which  many  regard  as 
either  problematical,  or  whoUy  insignificant. 

If  any  considerable  improvement  in  our  present  system  of  weather 
foi'ecasts  should  ever  become  possible,  it  will  doubtless  be  brought  about 
by  a  fuller  understanding  of  cyclical  changes,  Howard  and  Sabine  lon^ 
ago  showed  that  barometric  pressui*e  and  magnetic. force  are  sensibly  af- 
fected by  the  moon,  and  the  cumulative  effect  of  undulations  is  such  that 
the  daily  atmospheric  tides,  though  singly  of  small  magnitude,  may,  by 
regular  succession,  lead  to  such  blendings  of  currents  as  will  produce 
cyclical  winds  and  storms.  By  my  numerous  comparative  investigations 
I  have  shown  that,  while  there  is  a  great  discrepancy  in  the  forms  of  the 
lunar  rain  curves  at  different  stations,  the  discrepancy  is  no  greater  than 
is  found  in  the  solar  curves.  I  have  also  shown  that  there  is  a  likeness 
between  tne  curves  for  different  independent  periods,  at  the  same  station, 
which  cannot  be  attributed  to  chance,  such  likeness  being  most  striking, 
and  the  inflections  of  the  curves  being  greatest  where  the  lunar-tidal 
forces  are  strongest. 

Any  normal  lunar,  or  planetary,  wave-producing  influence  may  be 
greatly  obscured  by  local  or  accidental  disturbances.  The  daily  an- 
nouncements of  ^'  probabilities ''  often  seem  to  f ^lil  in  a  given  locality, 
when  the  weather  map  shows  that  they  are  wonderfully  verified  in  aa 
entire  region.  So  a  lunar  disturbance  which  would  ordinarily  bring  rain» 
may  be  marked  by  cloud  or  wind  at  some  stations,  while,  if  we  had  re- 
ports from  the  entire  district,  we  should  find  a  general  prevalence  of  rain. 
We  may,  therefore,  look  for  results  from  observations  at  a  large  number 
of  stations,  extending  over  only  a  few  7  ears,  analogous  to  those  which 
would  be  shown  in  a  long  series  of  years,  by  the  observations  at  a  single 
station  in  the  same  district. 

Tlie  influence  of  the  Rocky  Mountains  upon  our  storms  has  been  well 
known  since  the  days  of  Redfield  and  Espy.  The  intersections  of  normal 
winds,  near  the  base  of  those  mountains,  as  well  as  the  analogous  inter- 
sections which  occur  in  the  West  Indian  birthplace  of  tornadoes,  I  have 
pointed  out  in  a  previous  paper.  In  neighborhoods  whore  there  is  a 
natural  tendency  towards  a  blending  of  currents,  cumulative  tidal  infla- 
ences  may  be  supposed  to  have  a  special  efficiency. 

Influenced  by  these  views,  I  have  examined  the  morning  weather  maps 
for  the  past  three  years,  tabulating,  in  accordance  with  the  moon's  a|ee, 
both  the  number  of  reporting  stations  and  |he  reported  rain-fall  upon 
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each  map.  I  then  divided  the  total  rain-fall  upon  each  day  of  the  lunar 
month  by  the  total  number  of  stations  reporting  for  the  corresponding 
day,  and  took  successive  differences  between  the  resulting  averages,  by 
Airy's  method.  The  normals  thus  deduced  are  given  in  the  accompanying 
table,  together  with  the  normals  for  various  local  curves.  The  curve  de- 
duced from  43  years'  observations  at  Philadelphia,  covers  a  longer  period 
than  any  other  to  which  I  have  had  access  in  the  United  States,  and  its 
striking  resemblance  to  the  Signal  Service  curve  is  shown  by  the  diagram. 
The  resemblance  is  the  more  significant  in  view  of  the  fact  that  the 
periods  represented  by  the  two  curves  are  entirely  independent.  The  flex- 
ures in  the  Philadelphia  curve  average  about  1(  days  earlier  than  those  of 
the  general  curve.  On  the  hypothesis  of  cumulative  tidal  undulations, 
this  would  represent  a  daily  difference  of  Iff  hours,  or  22§^,  a  difference 
corresponding  to  disturbances  originating  in  our  Western  territories. 

Occasional  breaks  in  my  series  of  weather  maps,  the  interference  of 
storms  with  the  transmission  of  reports,  and  other  causes,  combine  to 
render  these  results  imperfect,  but  their  indications  are  of  such  a  char- 
acter as  to  convince  me  that  a  careful  study  of  the  full  returns,  which 
are  forwarded  thrice  a  day  to  the  Signal  Service  Bureau,  would  load  to 
the  discovery  of  important  laws  governing  the  lunar  influence  at  various 
seasons  of  the  year,  at  various  periods  of  the  day,  and  in  various  sections 
of  the  country. 

Lunar-Monthly  Eain-fall,  from  Observations  of  Signal  Service  Bureau^ 
and  at  Local  Stations. 
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Siakd  Meeting^  January  1,  1875» 

PitfSLiir,  14  raemlmps. 

Vice-Pi'esjdeat,  Mr.  Fraley,  in  the  chaip. 

A  letter  accoptiiig  m(fmher»hi|>  was  received  from  Raw#oii  j 
W*  Rawsoii,  Esq.^  Cloven K»r  of  Buibadoes,  dated  Gcivem- 
meut  noim>,  Nov.  24,  1874. 

Letters  of  ackiitjwledginent  wt*re  ri^^iived  from  Rojral  Iti*j 
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stitution,  London,  Dec.  2, 1874,  (92) ;  the  Chemical  Society, 
London,  (92) ;  the  Society  of  Antiquaries,  London,  Dec.  8, 
1874,  (92  ;  wanting  88)  ;'Mr.  J.  D.  Cox,  Toledo,  Ohio,  Dec. 
24,  1874,  (92);  the  Anthroi>olo^ical  Institute  of  Great 
Britain  and  Ireland,  London,  4  St.  Martin's  Place,  W.  C, 
Dec.  1, 1874,  (92). 

Letters  requesting  (62  and  88)  missing  numbers  of  the 
Proceedings  were  received  from  the  Royal  Qeogniphical 
Society,  London,  1  Saville  Row,  Burlington  Ganlens,  W., 
Dec.  3, 1874. 

A  letter  resj>ecting  publications  for  1875  was  received 
from  Putnam  &  Sons,  Fourth  Avenue  and  Twenty-third 
street,  New  York,  Dec.  17, 1874,  for  Amherst  College. 

A  letter  from  A.  II.  Barclay,  President,  Rantoul  Literary 
Society,  Rantoul,  Champaign  County,  111.,  Doc.  26,  1874, 
acknowledging  receiiit  of  (92)  Proceedings  and  giving  an 
account  of  the  progress  of  that  Society  was  read. 

Donations  for  the  Library  were  received  from  the  Xatural 
History  Society  at  Emden,  Royal  A(uidomy  at  Brussels, 
Geographical  Society  at  ]\aris,  Revue  Politique,  editors  of 
London  Nature,  Boston  Natural  History  Society,  Worcester 
County  Medical  Association,  Franklin  Institute,  editors  of 
Penn  Monthly,  and  the  U.  S.  Department  of  the  In- 
terior. 

Prof.  Frazer  exhibited  a  new  and  convenient  retort  for 
the  manufacture  of  oxyi^en  ;  a  hollow  cone  of  copper  plate, 
fitting  tightly  down  upon  a  short  conical  ring  of  copjier 
plate,  mounted  upon  a  disc  or  base  of  the  same,  and  forming 
a  box  to  receive  the  residuum.  Plaster  of  i*aris  is  run  into 
an  outside  groove  to  lute  the  joint.  The  instrument  is 
c'eaned  with  speed  and  ease ;  the  resistance  is  so  slight  as  to 
render  an  explosion  little  dangerous.  Prof  Frazer  claimed 
for  it  the  merit  only  of  being  a  convenient  modification  of 
Prof  Morton's  api>aratus. 

Mr.  Briggs  described  an  explosion  at  Kirkbride's  Hospital, 
by  which  the  engineer  of  that  institution  was  killed, 
although  connection  was  made  through  a  pipe  80  feet  long. 
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He  thought  experimenters  should  take  warninsc  by  the  fre- 
quency of  these  accidents.  Prof.  Morton,  after  three  explo- 
sions, made  habitual  use  of  a  water  trap. 

Prof.  Frazer  then  read  a  paper  in  defence  of  Prof.  Tyn- 
dall,  entitled  "  Criticism  of  the  Belfast  Address  of  Prof. 
Tyndall." 

Prof.  Chase  communicated  additional  results  respecting 
the  Magnitude  of  Gravitating  Waves.     (See  page  344.) 

The  report  of  the  judges  and  clerks  of  the  annual  election 
was  then  read,  by  which  it  appeared' that  the  following 
officers  for  the  ensuing  year  had  been  elected : 

For  President^ 
George  B.  Wood. 

For  Vice-Presidents^ 
John  C.  Cresson,  Isaac  Lea,  Frederick  Fraley. 

For  Secretaries^ 

R  Otis  Kendall,  John  L.  LeConte,  Pliny  E.  Chase,  J.  P. 

Lesley. 

Councilors  for  three  years^ 

Daniel  R.  Goodwin,  Eli  K.  Price,  W.  L.  W.  Ruschenberger, 
Henrv  Winsor. 

For  Curators^ 
Joseph  Carson,  Charles  M.  Cresson,  Hector  Tyndale. 

For  Treasurer^ 
J.  Sergeant  Price. 

J.  P.  Lesley  was  nominatctl  as  Librarian. 
Pending  nominations  7G4,  765  were  read. 
.    New  nomination  766  was  read. 
And  the  meeting  was  adjourned. 
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Stated  Meeting^  January  15,  1875. 

Present,  15  members. 

Mr.  Fraley,  Vice-President,  in  the  chair. 

A  letter  resigning  membership  on  account  of  his  inability 
to  attend  the  meetings  was  received  from  Mr.  Lloyd  P. 
Smith,  of  Germantown,  Philadelphia. 

A  letter  requesting  Proc.  iTo.  88  was  received  from  the 
London  Horticultural  Society,  per  Prof.  Asa  Gray,  Dec.  31, 
1875. 

A  letter  requesting  Proceedings  January-June,  1872,  pp. 
225-232,  was  received  from  the  Boston  Athenaeum,  dated 
Jan.  8, 1875. 

A  letter  acknowledging  Proceedings  81  to  92  and  asking 
for  the  preceding  numbers  of  the  set,  was  received  from  Mr. 
R.  S.  Williamson,  dated  San  Francisco,  Jan.  2, 1875. 

Letters  of  acknowledgment  were  received  from  the  Agri- 
cultural Society  at  Lyons,  Oct.  30, 1875,  (Proc.  1  to  91,  want- 
ing 5,  17,  21,  23,  2.;,  29  to  31,  34,  t)3  and  64);  and  from  the 
London  Statistical  Society,  London,  Dec.  14,  1874  (92). 

A  letter  of  Envoy  was  received  from  the  Royal  Society  of 
Victoria,  dated  Melbourne,  March  10,  1874. 

Circular  letters  were  read  from  the  K.  K.  Geological  In- 
stitute, Vienna,  respecting  its  Twenty-fifth  Anniversary  Fes- 
tival, Jan.  5, 1875  ;  from  the  Royal  Belgian  Academy  resj)ect- 
ing  a  monument  to  M.  Quetelet;  from  the  Canadian  Parlia- 
mentary Companion ;  from  the  Linnean  Society  at  Lyons; 
and  from  the  Congr^  Internationale  des  Americanistes. 

Donations  for  the  Library  were  received  from  the  Royal 
Society  at  Victoria;  The  German  Geological  Society;  the 
Physico-^Iedical  Society  at  Erlangcn  ;  the  Zocflogische  Gar- 
ten ;  the  Flora  Batava ;  Agricultunil  Society  at  Lyons  ;  Nou- 
velles  Meteorologiques,  and  Revue  Politique  at  Paris  ;  Royal 
Astronomical  Society,  Chemical  Society,  Victoria  Institute, 
and  Editors  of  Nature;  the  Cornwall  I'olytechnic  Society ; 
American  Journal  of  Science,  Xew  Haven  ;  New  York  Ly- 


ceum  of  Natural  llistory ;  Journal  of  Pharmacy ;  U.  S.  Sur- 
vey of  the  Territories ;  Department  of  the  Interior  ;  and  the 
Editors  of  "  the  Western." 

Mr.  Wharton  called  attention  to  the  fact  that  tliere  aeemed 
to  be  a  movement  on  foot  to  favor  the  inauguration  of 
another  Arctir  ExpeditioTi ;  suggesting  that  the  Society 
should  take  the  initiative  by  proposing  to  the  Secretary  of 
the  Jfavy  a  plan  which  should  involve  the  use  of  the  stores 
of  the  Polaris. 

Mr.  Delmar,  by  invitation,  read  a  memoir  on  the  Progress 
and  Statistics  of  Spain,  previous  to  and  since  1855,  the  date* 
of  the  Great  Reform  laws.     (See  page  301.) 

On  motion,  Mr.  Lesley  was  cho::?en  Librarian,  and  the 
standing  committees  were  nominated  and  elected  for  the  en- 
suing year: 

Mr.  Fjaley,  Mr.  E.  K.  I'rice,  Mr.  Marsh. 

Publication^ 

Dr.  Le(k)nte,  Dr.  Brinton,  Dr.  H.  Allen,  Dr.  C.  M.  Cresson, 

Mr.  Tilghman. 

Jlall. 
Gen.  Tyndale,  Mr.  K  Hopper,  Mr.  S.  W.  Roberts. 

Library, 
Dr.  Coates,  Mr.  E.  K.  Price,  Dr.  Carson,  Dr.  Krauth,  Mr. 

Whitman. 

Pending  nominations  764,  765,  766  were  read. 

Pending  nominations  764,  765  were  balloted  for. 

On  motion  the  reading  of  the  list  of  members  was 
postponed. 

On  scrutiny  of  the  ballot  boxes  by  the  Presiding  Officer, 
the  following  were  declared  duly  elected  members  of  the 
Society : 

Dr.  Jared  P.  KirtUuid,  Ohio. 

Mr.  John  B.  Peai-se  of  Philadelphia. 

And  the  meeting  was  adjourned. 
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Stated  Meeting^  February  5, 1875. 

Present,  13  members. 

Vice-President,  Mr.  Fraley,  in  the  chair. 

A  letter  enclosing  his  carte  de  visite  photograph  for  the 
album  was  received  from  Dr.  Robert  Peter,  dated  Lexington, 
Ky.,  Jan.  28, 1875. 

A  letter  of  acknowledgment  (92)  was  received  from  the 
Rantoul  Literary  Society,  Jan.  26, 1875. 

A  letter  of  envoy  was  received  from  Mr.  Alex.  Agassiz, 
dated  Cambridge,  Jan.,  1875,  stating  that  missing  numbers 
of  his  father's  works,  for  the  Society's  set,  were  sent  by 
express  to  supply  the  deficiency,  and  requesting  tlic  return 
of  any  duplicate  parts  in  the  j)Ossession  of  the  Society. 

Donations  for  the  Library  were  received  from  Dr.  Max. 
Marques  de  Carvalho.  of  Rio  Janeiro ;  Mr.  F.  W.  C.  Traf- 
ford,  of  Zurich;  the  R.  Belgian  Academy;  the  Editors  of 
Revue  Politique,  and  Nature,  and  the  British  Trade  Jour- 
nal ;  the  Royal  Astronomical  Society  ;  Mr.  Alex.  Agassiz,  of 
Cambridge,  Mass.;  the  Franklin  Institute ;  Editors  of 
.Penn  Monthly,  Medical  News,  Journal  of  the  Medical 
Sciences,  Journal  of  Pharmacy,  and  the  American  Chemist ; 
Mr.  II.  C.  Carey  ;  the  Chief  of  Engineers  of  the  United  States  ; 
and  the  Geological  and  Agricultural  Survey  of  Texas. 

The  death  of  Mr.  Nathaniel  Bradstreet  Shurtleff,  at  Bos- 
ton, Oct.  17,  1874,  aged  63,  was  announced  by  the  Secretary. 

The  death  of  Mr.  Francis  Kiernan;  F.R.S.,  Dec.  31, 1874, 
was  announced  by  the  Secretary. 

Mr.  Coleman  Sellers  announced  that  he  was  prepared  to 
read  an  obituary  notice  of  the  late  Joseph  Harrison  at  the 
next  meeting. 

A  letter  was  received  from  Daniel  B.  Smith,  of  German- 
town,    Philadelj)hia,  quoting  a  letter  from  Mrs.  Davidson, 
dated  Nagasaki,  ])ec.  10,  1874,  describing  the  scene  of  ob- 
servations at  the  time  of  transit : 
To  THE  American  Philosophical  Society  : 

I  have  this  morning  received  a  letter  fiom  Prof.  Davidson's  wife, 
dated  Nagasaki,  Dec.  10,  1874,  which  I  trauscribe  for  the  Society  : 
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**We  were  24  days  on  the  passage  ov.r  and  remained  one  week  in 
Tokahama  and  Tedo,  before  taking  the  steamer  far  Nagasaki.  No  time 
was  to  be  lost,  and  at  13  o^ clock,  on  the  day  of  our  arrival  they  had  30 
coolies  building  the  road  up  to  the  side  of  the  observatory,  which  is  800 
feet  high,  and  about  a  mile  and  a  half  sou^h  of  the  town.  They  have 
been  working  night  and  day  ever  since,  feeling  somewhat  hurried.  Yoa 
can  imagine  with  what  anxiety  every  cloud  was  watched  for  several  days 
before  —which  had  been  hazy  or  cloudy  in  the  mornings  —blowing  over 
by  midday. 
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The  preceding  night  was  clear  and  beautiful  until  day-break,  when  clouds 
began  rapidly  to  form,  breaking  away  again  about  7^,  and  clouding  over 
again  by  i)^.  The  observers  remained  all  night  on  the  hill  and  the  others 
were  at  their  post  by  7  J  o'clock.  I  went  up  in  a  sedan  chair  (carried  by  four 
Coolies),  and  we  were  all  at  our  posts  of  duty  by  ten  o'clock  and  as  the 
time  draws  nearer,  you  can  imagine  our  suspense.  In  my  husband's 
observatory  (the  large  equatorial),  just  before  the  computed  time,  the  sun 
seemed  to  bo  breaking  through  the  clouds  and  all  was  in  readiness ; 
George,  the  largest  boy  holding  the  chronometers  up  to  his  father's  eye 
and  ear ;  and  I  seated  (where  I  would  see  my  husband's  face,)  with  book 
and  pencil  in  hand,  with  closed  doors  and  perfect  silence,  save  the  regalar 
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beats  of  the  cloak  and  chronometers.  It  was  almost  a  solemn  moment. 
The  saa  broke  forth  with  one  gleam — I  was  almost  startled  to  my  feet 
with  the  shout  of  *'  Commenee^^^  given  by  my  husband,  as  warning  to  tbe 
Photographers  as  the  instant  was  abuut  to  arrive.  In  a  few  seconds  he 
gave  an  exclamation  of  delight  and  the  first  contact  was  accomplished 
and  duly  recorded.  After  giving  us  an  instantaneous  peep,  observations 
were  kept  up  till  the  next  critical  moment  of  the  secoud  contact ;  the  sun 
growing  less  bright,  but  still  bright  enough  for  observation^  the  second 
contact  was  seen  and  further  observations  as  the  body  was  passing  over 
the  sun— growing  thicker  and  thicker  and  leaving  scarcely  a  hope  for  the 
third  contact  and  also  for  the  fourth  which  were  not  visible  and  then  the 
whole  thing  was  over,  not  wholly  successful,  but  by  no  means  unsuccess 
ful,  and  I  think  my  husband  is  pretty  wall  satlsftid  ;  he  certainly  feels 
that  they  made  the  most  of  the  situation,  everything  working  well  and 
only  failed  on  account  of  the  weather. 

One  thing  strikes  me  as  very  wonderful — of  course  the  exact  spot  on 
the  sun*s  limb  where  the  contact  should  appear  was  only  known  by  com- 
putation from  our  previous  data,  and  under  such  large  magnifying 
power,  which  took  in  only  about  5^  diameters  of  Venus,  one  minute  of  an 
arc  would  have  been  fatal.  Mr.  D.  had  gone  over  bis  calculations  several, 
times  and  that  same  morning  had  gone  over  them  to  satisfy  himself,  and. 
then  pointed  his  instrument  and  sure  enough  there  came  Venus,  right  in- 
the  centre  of  his  pointing,  8^  minutes  later  than  the  English  computed 
time,  and  1^  earlier  than  the  American  time. 

I  hope  the  Society  will  think  this  account  worthy  wof  an  early  publi- 
cation. Respectfully, 

DANIEL  B.  SMITH. 

Germantowny  \8t  mo,y  20/A,  1875. 

The  letter  of  Mi's.  Davidson  was  ordered  to  be  pulyli&hed 
as  soon  as  i>ossible. 

The  Secretary  ])re3entod  a  conimunieation,  entitled  "Notes 
on  the  Geology  of  West  Virginia,"  No.  II.,  by  Jno.  J. 
Stevenson,  Prof,  of  Geology,  University  of  N.  Y.,  and  ex- 
]>lained  the  author's  work  in  that  region,  in  connection  with 
the  proposed  occupation  of  a  new  district  in  Southwestern 
I*ennsylvania  by  the  Geological  Survey  of  Pennsylvania. 
(See  page  370.) 

Mr.  Fraley  reported  the  receipts,  and  i)avment  to  the 
Treasurer,  of  $152.79,  being  the  last  quarterly  payment  of  the 
interest  on  the  Michaux  Legacy. 

The  following  report  of  the  Trustees  of  the  Building 
Fund  of  the  A.  P.  S.  was  read  by  its  Treasurer,  Mr.  Marsh 

A.  P,  S.— VOL.  XIV  3c 
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"  U.  S.  5-20  Bond . .   |1,C00  00 

'•Schuylkill  Nav.  Co.  Boat  and  C.  loan 500  00 

**  Pennsylvania  State  6  per  cent,  bonds 1,500  00 

"  Philadelphia  City        *'            "       6,900  00 

•'Stock  ol  the  McKean  and  Elk  Land  and  Improve- 
ment Co.,  200  shares,  subscribed 1,000  00 

*•  Cash 3  91 

Total 110,903  91 

Signed — *'  by  order  of  the  Trustees. 

Bekjamin  V.  Marsh,  Treasurer." 
Philadelphia,  Feb.  6, 1876. 

In  the  absence  of  members  of  the  Hall  CJommittee,  Mr. 
Fraley  stated,  that  the  city  authorities  had  undertaken  to 
make  alterations  in  the  lower  stories  of  the  Hall  of  the 
Society,  in  view  of  another  court  room  ;  and  that  the  Insur- 
ance Companies  had  been  consulted  on  the  subject,  and  had 
given  i)ermi88ion  to  make  alterations  and  repairs.  At  his 
request  the  Secretary  read  from  the  minutes >of  July  17,  and 
Aug.  21, 1863,  the  resolutions  passed  by  thfe  Society  respect- 
ng  the  lease  of  said  stories  by  the  city. 

Mr.  J.  S.  Price  expressed  his  conviction  that  danger  to  the 
Society's  Cabinet  and  Library  from  fire  was  imminent ;  the 
Secretary  adding  his  testimony  to  that  etfect. 

On  motion,  it  was  then  unanimously 

Jiesolvcd,  That  the  subject  of  the  city  tenancy  of  the  two 
lower  stories  of  the  Hall  of  the  Society  and  the  proper  pro- 
tection of  the  jiroperty,  from  fire,or  other  casualty,  be  referred 
to  the  Hull  Committee,  the  Presiding  Officer,  Mr.  Fraley, 
and  the  Treasurer,  Mr.  Price,  with  power  to  take  such  order 
as  they  may  think  proper  in  the  premises. 

And  the  meeting  was  adjourned. 


Stated  Medhnj,  Fehniary  19, 1875. 

Present,  18  members. 

Vice-President,  Mr.  Fraley,  in  the  chair. 

Letters  of  acknowledgment  were  received  from  the  Im- 
jierial  Academy  at  Vienna,  (90,  91),  Herr  Tunner,  Leoben, 
(90,  91),  Dr.  Rokitansky,  Vienna  (90,91),  Geological  Society 
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at  Dresden  (90,  91),  the  Society  at  Freiburg  I  Bi\  (90,  91), 
the  Society  at  Emden  (90,  91),  the  Society  at  Geneva  (89, 
90,  91,  XV.  i.),  the  Society  at  Berne  (89).  and  the  Society  at 
Newcastle-on-Tyne  (92). 

Letters  of  envoy  were  received  from  the  Natural  History 
Societies  at  Freiburg,  Emden,  Marburg,  Berne,  and  Geneva. 

A  circular  letter  was  received  from  the  Linnean  Society,  of 
Normandy,  concerning  a  proposed  statue  to  Elie  de  Beaumont 
at  Caen. 

A  circular  letter  was  received  from  Mr.  W.  Whittaker, 
dated  Geological  Survey  Office,  Jermyn  Street,  London,  Jan, 
SO,  1875,  on  the  part-  of  a  proposed  new  Geological  Magazine, 
entitled  Geology,  Mineralogy,  and  Palseontology,  British 
and  Foreign. 

Donations  for  the  Library  were  received  from  the  Prag 
Observatory  ;  Vienna  Geological  Institute ;  Royal  Prussian 
Academy  ;  German  Geological  Society  ;  Dresden  Geological 
Society ;  Natural  History  Societies  at  Freiburg,  Emden, 
Marburg,  Schaftliausen,  and  Geneva;  the  Anthroix)logical 
and  Geographical  Societies ;  Editors  of  the  Annales  des 
Mines  and  Revue  I'olitique,  at  Paris ;  the  Meteorological 
Committee  of  the  Royal  Society,  and  Nature,  London  ;  Prof, 
J.  D.  Dana;  Silliman's  Journal ;  American  Chemist;  Frank- 
lin Institute;  Mr.  John  McArthur ;  McCalla  &  Stavely  ; 
Medical  News  and  Library ;  American  Pharmaceutical  As- 
sociation ;  the  Geological  Survey  of  Pennsylvania ;  Depart- 
ment of  the  Interior,  U.  S,;  and  Mr.  A.  R.  Roessler. 

An  obituary  notice  of  Joseph  Harrison,  Jr.,  was  read  by 
Mr.  Coleman  Sellers.     (See  page  347.) 

An  obituary  notice  of  Charles  B.  Trego,  was  read  by  Mr. 
Sol.  W.  Roberts.     (See  page  356.) 

The  minutes  of  the  last  meeting  of  the  Board  of  Officers 
and  Members  in  Council  were  read. 

Pending  nominations,  Nos.  766,  767,  768,  and  new  nomi- 
nations, Nos.  769,  770,  771,  772,  773,  774,  and  775,  were 
read. 

Mr.  Roberts  reporte<l  the  improvements  made  and  to  be 
made  in  the  furniture  of  the  Hall. 
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Mr.  Fraley  reported  progress  in  uegotiating  a  more  satis- 
factory understanding  with  the  city  authorities,  respecting 
tlie  tenancy  of  the  lower  stories  of  the  Hall  building. 

On  motion,  the  Seci'etaries  were  authorized  to  place  the 
new  Geological  Magazine, London,  on  the  list  of  correspond- 
ents to  receive  the  proceedings,  if  they  thought  proper  to 
do  so. 

On  motion  of  Mr.  Price,  the  Committee  on  the  Hall  were 
authorized  to  obtain  a  new  table,  to  re-cover  the  president's 
desk,  and  see  to  a  better  condition  of  the  cari)eting  and 
furnishing  of  the  room  in  which  the  members  meet. 

And  the  Society  was  adjourned. 


Stated  Meeting^  March  5,  1875. 

Present,  10  members. 
Mr.  Kli  K  Price,  in  the  chair. 

A  letter  accepting  membership  was  received  from  Mr.  J. 
P.  Kirtland  dated  Cleveland,  Ohio,  Feb.  22,  1875. 

A  letter  of  acknowledgment  (93)  was  received  from  the 
U.  S.  Naval  Observatory,  dated  March,  1875. 

A  letter  of  acknowledgment  (93)  was  received  from  the 
Rantoul  Literary  Society,  Rantoul,  111.,  Feb.  27. 

A  letter  from  Mr.  S.  P.  Laiigley,  Directory  of  the  Alle- 
gheny Observatory,  requesting  the  donation  of  Transactions 
of  the  A.  P.  S.  was  referred  to  the  (Publication  Committee. 

Donations  for  the  Library  were  received  from  the  Royal 
Academ}'  at  Brussels  ;  Editors  of  the  Revue  Politicpio  ;  Royal 
Astronomical  Society  ;  and  London  Nature ;  E*sex  Institute  ; 
Editors  of  Penn  Monthly ;  Pharmaceutical  Association ; 
Medical  News  and  Library  ;  and  Judge  Brewster,  of  Phila- 
deli>hia  ;  Engineer  Department  and  Secretary  of  War,  Wash- 
ington ;  Wisconsin  Historical  Society  ;  Wisconsin  Academy 
of  Sciences  and  Arts ;  and  Editors  of  the  Western. 

The  death  of  Sir  Cliarles  Lyell  was  announced  by  the 
Secretary,  at  London,  Feb.  24,  1875,  aged  78  years 


429 

The  death  of  Dr.  Geo.  W.  Norris,  at  Philadelphia,  March 
4, 1875,  aged  67  years,  was  announced  by  Mr.  J.  8.  Price. 

Mr.  Cope  read  a  paper  by  the  title,  "  A  Synopsis  of  the 
Vertebrata  of  the  Miocene  of  Cumberland  County,  New 
Jersey."    (See  page  361.) 

Dr.  Cresson  exhibited  a  map  or  diagram  arranged  on  a 
vertical  scale  to  represent  the  five  coal  beds  mined  at  Ellen- 
gowan,  near  Mahanoy  City,  representing  the  thickness  and 
subdivisions  of  each  bed ;  and  on  a  horizontal  scale  to  ex- 
hibit the  proportions  of  the  various  chemical  elements  ob- 
tained by  analysis.  Of  the  mammoth  bed,  the  uppermost 
group  of  four  benches  is,  at  Ellengowan,  separated  from  the 
middle  group  of  three  benches  by  150  yards  of  rojk,  and  the 
middle  from  the  lower  group  of  four  benches  by  an  equal 
distance,  all  three  groups  lying  together,  without  the  inter- 
vention of  rock  measures,  in  the  neighboring  collieries  on 
each  side ;  the  total  thickness  of  coal  remaining  always 
about  the  same. 

Dr.  Cresson  exhibited  and  explained  an  American  modifi- 
cation of  Bunsen's  apparatus  for  determining  the  specific 
gravity  of  any  gas,  and  the  obstacles  to  accuracy  of  the  inves- 
tigation when  the  given  gas  was  either  much  heavier  or 
much  lighter  than  the  common  air  into  which  it  escaped. 

Prof.  Chase,  being  referred  to,  said  that  he  had  been  re- 
quested by  Dr.  Cresson  to  experiment  with  the  instrument 
in  order  to  discuss  its  eccentricities,  and  had  used  the  city 
gas,  obtaining  various  curves  of  velocity  of  exit,  when  the 
uppermost  and  lowermost,  or  the  two,  or  three,  or  other 
numbers  of  inches  at  the  top  or  bottom  of  the  tube  were 
paired  against  each  other ;  but  without  entirely  satisfactory 
results. 

lie  considered  it  i>robable  that  the  causes  of  irregularity 
fell  under  three  heads,  viz.:  1st,  the  difference  of  density  of 
the  medium  into  which  the  fine  jet  of  gas  issued  (through  a 
microscopic  hole  in  platinum  foil);  2d,  the  vertical  spiral 
forms  into  wlikh  the  currents  must  be  thrown ;  and  3d,  fric- 
tion,  varying    with   condensation    inside   the   instrument, 
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whenever  the  general  temperature  of  the  laboratory  falls. 
To  this  latter  cause  he  ascribed  difterences  of  results  ol>- 
tained  in  the  morning  and  evening,  amounting  to  twenty 
per  cent.  He  thought  that  under  favorable  circumstances 
and  with  requisite  care,  an  approximation  to  accuracy  can 
be  made  within  two  per  cent.,  and  much  closer  than  with 
the  Bunsen  instrument. 

Professor  Frazer  communicated  the  fact  of  the  discovery 
of  titanic  iron,  in  the  form  of  a  perfect  crystal  and  of 
unusual  size,  half  an  inch  on  a  side,  associated  with  chlorite, 
in  chromic  iron,  at  Frank  Wood's  Mine,  in  Lancaster 
County,  Pa.  The  specimen  is  in  the  possession  of  Mr. 
Tyson,  near  King  of  Prussia,  Chester  County,  Pa.  A  small 
portion  of  the  crystal  was  submitted  to  the  blowpipe  by 
Prof.  Brush.  (The  sj^ecimen  is  mentioned  in  Dr.  F.  A. 
Qenth's  Report  on  the  Mineralogy  of  Pennsylvania,  Reports 
of  Progress  of  the  Second  Geological  Survey,  1874.) 

Prof.  Chase  read  a  letter  from  Gov.  Rawson,  of  Barba- 
does,  in  which  he  writes  that  he  expects  to  obtain  the  ap- 
pointment, by  Government,  of  a  salaried  officer,  intrusted 
with  the  duty  of  continuing  tlie  meteorological  obsei^vations 
at  Barbadoes,  the  importance  of  which  is  made  the  greater  by 
the  fact  that  the  island  is  near  the  hypothetical  cradle  of  the 
Atlantic  cyclones  and  tornadoes  of  the  Gulf  of  Mexico. 

Prof.  Frazer  described  some  microscopic  sections  of  trap 
dykes  on  the  Mesozoic  red  sandstone  of  Pennsylvania  and 
Connecticut.  He  had  taken  specimens  from  the  vicinity  of 
Gettysburg,  both  as  slides  and  fragments,  to  New  Ifaven,  and 
compared  them  with  similar  slides  and  fragments  of  the 
Connecticut  traps  in  the  possession  of  Mr.  E.  S.  Dana. 
There  were  fine  grained  greenish  dolerites  exactly  alike  in 
both  localities.  Coarse-grained  gray  rock,  which  in  fragments 
seemed  identical,  under  the  microscope  showed  difterences 
between  the  Connecticut  and  Pennsylvania  varieties;  that 
of  the  former  being  merely  a  coarse-grained  dolerite,  while 
that  of  the  latter  was  a  true  syenite.     He  said : — 

During  a  recent  trip  to  New  Haven,  I  had  the  pleasure  of  examining  the 
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▼ery  large  collection  of  microscopic  slides  of  the  traps  of  the  Mesozoic 
sandstone  in  the  vicinity  of  that  town. 

Mr.  Dana  exhibited  to  me  fragments  of  the  traps,  which  when  com- 
pared with  the  fragments  which  I  had  brought  with  me  seemed  to  be 
identical  lithologically  so  far  as  the  eye,  aided  by  a  magnifying  glass, 
could  determine.  There  were  two  varieties  of  this  trap  which  had  been 
considered  in  my  work  essentially  distinct,  viz. :  the  doleritic  and  the 
sycnitic.  Both  these  varieties  are  represented  within  a  small  area  in  the 
immediate  environs  of  Gettysburg,  and  even  bear  the  appearance 
of  running  together  (to  judge  from  a  rongh  guess  from  the  topo- 
graphy). Now  the  finer-grained  dolerite  is  of  green  color,  and  the  speci- 
mens from  New  England,  and  those  I  took  with  me,  showed  under  the 
microscope,  and  with  the  polarizer  alone,  the  following  mineral  con- 
stituents. Pyroxene  (Augit),  plagioclastic  feldspar,  magnitite  (in  fine 
grains  and  irregular  masses),  and  chrysolite.  Mr.  Hawes,  of  the  Min- 
eralogical  laboratory,  assures  me  that  he  has  frequently  found  quirtz  in 
these  dolerites. 

The  coarse-grained  rock  (both  the  specimen  from  Gettysburg  and  that 
from  Connecticut,)  is  gray  and  granular,  consisting  of  black  and  white 
crystals  so  mingled  as  to  produce  the  familiar  granite  color  to  the  eye. 
In  fact  the  rock  from  Gettysburg  is  called  "Gettysburg  Granite."  It 
was  absolutely  impossible  to  distinguish  the  fragments  of  this  rock  from 
the  localities  apart,  yet  under  the  microscope  and  the  single  Nicul  the 
effect  was  very  different.  The  Connecticut  variety  showed  the  same  con- 
stituents as  the  other  traps — was  in  fact  a  coarse  dolerite ;  whereas 
that  from  Gettysburg  showed  the  characteristic  dichroism  of  hornblende, 
and  also  under  a  high  magnifying  power  crystals  of  biotite. 

In  the  specimen  which  I  took  with  me  to  New  Haven ,  there  were  no 
cleavage  planes  to  absolutely  settle  the  character  of  the  supposed  horn- 
blende, but  in  others  in  my  possession  this  was  very  marked  and  settles 
definitely  the  question  of  the  occurrence  of  syenite  in  the  Mesozoic 
sandstone. 

Mr.  Dana  warns  me  of  a  possible  error  in  this  conclusion,  viz. :  that  the 
mass  from  which  I  took  my  slides  was  only  a  bowlder — ^not  in  place. 
This  would  be  a  very  serious  objection  were  it  not  for  the  absolute 
identity  of  the  rock  in  the  immense  masses  of  slab  formed  rock,  from  the 
quarry  which  supplies  the  tombstones  and  the  walls  of  our  national  ceme- 
tery, as  well  as  cubic  roods  of  rock  in  Gulp's  Hill,  Great  Round  Top, 
Granite  Spur,  and  Devil's  Den— localities  which  must  ever  remain 
familiar  to  us  as  connected  with  the  history  of  one  of  the  decisive  battles 
of  the  world . 

Besides  this,  as  the  Gettysburg  locality  lies  miles  sou^h  of  the  extreme 
southern  limit  of  the  drift,  there  would  seem  to  l)e  no  adequate  theory  to 
account  for  such  transportation. 

In  order  to  set  at  rest  this  doubt  and  decide  this  question  finally,  further 
sections  will  be  made  from  rock  without  doubt  in  situ  and  the  resilts 
communicated  to  the  Society. 
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Pending  nominations,  Nos.  766  to  776,  and  new  nomina- 
tions, Nos.  777,778  were  read. 

On  motion  of  Prof.  Frazer,  it  was 

Jicsoltrdy  That  the  Hall  Committee  be  requested  to  con- 
sider the  propriety  of  placing  in  the  Society's  rooms  one 
of  the  instruments  of  the  American  District  Telegraph 
Company,  and  the  Treasurer  he  authorized  to  pay  $18.00 
as  the  annual  rental  of  the  same. 

And  the  Society  was  adjourned. 


Stated  Meeting,  March  19,  1875. 

Present,  13  members. 

Vice-President,  Mr.  Fraley,  in  the  chair. 

Pliotographs  of  Prof.  Sadtler  and  Prof.  Thomson,  of  the 
University  of  Pennsylvania,  were  presented  for  insertion 
in  the  album. 

Letters  of  acknowledgment  w^ere  received  from  the  Liter- 
ary and  Philosophical  So'^.iety  of  Liverpool,  dated  Jan.  25 
(XIV.,  XV.,  i.,  90,  91,  92) ;  and  Smithsonian  Institution 
(90,  92). 

A   letter  was  received  from  the  New  Jersey  Historical 

Society,  Newark,  March  12,  requesting  that  deficiencies  in 

their  set  of  Proceedings  and  Transactions  A.  P.  S.  be  sup- 

'    plied  (Proc.  I.,  II.,  Ill ,  77.     Transactions,  all  but  the  First 

Series  III.,  i.  Cat.  I). 

A  letter  was  read  from  Mr.  \Vm.  Holden,  Librarian  of  the 
Ohio  State  Library,  desirins^  to  exchange  copies  of  the  Geo- 
logical State  Survey  for  Dr.  Wood's  and  Mr.  Cope's  memoirs 
on  the  Amchnidie  and  Myriopoda,  in  the  Transactions  and 
Proceedings  of  the  American  Philosophical  Society. 

Lettei'sof  envoy  were  received  from  the  Austrian  Academy, 
Sep.  30,  1874 ;  the  St.  Petersburg  Physical  Central  Observa- 
tory, Jan.,  1875  ;  the  Greenwich  Observatory,  Feb.  19,  1875  ; 
the  Literary  and  i'hilosophic  Society,  of  Liverpool,  Jan.  28, 
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1875  ;  and  Department  of  the  Interior,  Washington,  March 
10, 1875. 

Donations  for  the  Library  were  received  from  the  Aus- 
trian Academy  of  Sciences ;  Belgian  Academy  of  Sciences 
Editors  of  the  Revue  Politique ;  London  Chemical  Society  ; 
Royal  Institution ;  Editors  of  Nature ;  Society  of  Arts  and 
Institutions  in  Union  ;  the  (Travancore  Observatory)  Maha- 
raja, of  Travecore  ;Silliman's  Journal  ;  Prof.  0.  C.  Marsh;  and 
the  Department  of  the  Interior,  U.  S. 

The  decease  of  Nathaniel  B.  Browne,  of  Philadelphia, 
March  13,  aged  55  years,  was  announced  by  Mr.  E.  K.  Price, 
and  on  motion  Mr.  Robert  Patterson  was  appointed  to  pre- 
pare an  obituary  notice  of  the  deceased. 

Mr.  Frazer  described  and  discussed  the  origin  of  certain 
beds  and  belts  of  limonite  in  Southern  Pennsylvania,  with 
the  help  of  a  colored  map  of  York  and  Adams  County,  and 
a  geological  map  of  Pennsylvania.  Dr.  Konig  and  Mr. 
Lesley  spoke  on  the  same  subject.     (See  page  364.) 

Pending  nominations  766  to  779  were  read. 

On  motion  of  Dr.  Crosson,  for  the  Publication  Committee, 
an  additional  appropriation  of  one  hundred  dollars  was 
made  to  defray  the  expense  of  the  illustrations  of  Dr.  Al- 
len's Memoir  now  being  printed  in  the  Transactions. 

General  Tyndale  presented  the  request  of  the  Directors  of 
the  Franklin  Insurance  Company  that  the  Society  permit 
Mr.  Waugh  to  make  for  them  a  copy  of  the  portrait  of 
Franklin  in  the  ix)3sesaion  of  the  Society.  On  motion  of 
Mr.  Chase,  the  curators  were  authorized  to  permit  such  copy 
to  be  made,  taking  the  usual  and  projxjr  precautions  for  the 
security  and  safe  return  in  good  order  of  the  picture. 

On  motion  of  Dr.  Cresson  another  album  volume  similar 
to  the  one  now  tilled  with  portraits  of  the  members  of  the 
Society  was  ordered  to  be  purchased. 

And  the  meeting  was  adjourned. 

Note  Br  Dr.  Carson. 
The  pictiiro  of  Franklin  in  the  possession  of  the  American  Philosophi- 
cal Society  is  by  Martin,  of  London,  a  copy  by  himself  of  a  picture  painted 
A.  P.  8.— VOL.  X£V.  3d 
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by  him,  of  Dr.  Franklin,  for  William  Alexander's  grandson,  Henry  J. 
Williams,  Esq.,  of  Philadelphia.  The  copy  was  placed  by  Franklin, 
about  1765,  in  the  keeping  of  the  Supreme  Executive  Council  of  Penn- 
sylvAnia,  and  upon  the  abolition  of  that  body  at  the  time  of  the  Revo- 
lution came  into  the  hands  (probably)  of  Mr.  Peale  when  his  Musenm 
was  in  the  Hall  of  the  American  Philosophical  Society,  and  was  by  him 
there  left  at  the  removal  of  the  Museum  to  the  State  House.  This  state- 
ment is  made  to  Dr.  Carson  by  Mr.  Williams,  who  has  the  origiUiil. 


Stated  Meeting,  April  2,  1875. 

Present  15  members. 

Mr.  Eli  K.  Price,  in  the  chair. 

Letters  of  envoy  were  received  from  the  Meteorological 
Office  of  the  Royal  Society,  London,  March,  1875  ;  and  the 
U.  S.  Department  of  the  Interior,  Washington,  March  19, 
1875. 

A  letter  from  Harvard  College  Library  was  received  re- 
questing a  missing  signature,  pages  225-232  of  the  Proceed- 
ings, Vol.  XIIL 

Donations  for  the  Library  were  received  from  the  Prus- 
sian and  Belgian  Academies ;  the  Editors  of  the  R6vue 
Politique  and  Nouvelles  Meteorologiques ;  the  Astronomical 
Society ;  Meteorological  Committee  of  the  Royal  Society  ; 
the  Cobden  Club;  and  the  Editors  of  "Nature;"  the 
Chief  Geologist  of  Canada  ;  Essex  Institute ;  College  of  Phar- 
macy ;  Aciidemy  of  Natural  Sciences ;  and  Mr.  Delmar,  of 
Philadelphia;  the  IT.  S.  Department  of  the  Interior;  and  U, 
S.  Department  of  Engineers  ;  and  the  Academy  of  Scienee.s 
at  St.  Louis. 

The  death  of  Dr.  D.  Francis  Condie,  March  21,1875  aged 
9,  wai=j  aniiounced  by  Dr.  Bridges. 

Pending  nominations  Nos.  766  to  779,  and  new  nomina- 
tion 780  were  read. 

And  the  meeting  was  adjourned. 
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Stated  Meeting,  April  16,  l875. 

Present  16  members. 

Dr.  Carson  in  the  chair. 

Letters  of  acknowledgment  were  received  from  the  Natu- 
ral History  Society  at  Wiesbaden,  the  British  Association, 
and  the  American  Ethnological  Society  in  New  York, 

A  letter  of  envoy  was  received  from  the  Central  Physical 
Observatory  at  St.  Petersburg. 

A  letter  was  received  from  the  Academy  of  Sciences  of 
Chicago  requesting  the  replacement  of  Proceedings  of  the 
American  Philosophical  Society  lost  by  the  fire.  On  motion, 
the  request  was  granted. 

A  letter  was  received  from  the  Department  of  the  Interior, 
U.  S.  Bureau  of  Education,  dated  March  31,  calling  for  in- 
formation resj^ecting  the  Library.  On  motion,  referred  to 
the  Librarian. 

Donations  for  the  Library  were  announced  from  the  Acad- 
emies at  Berlin  and  Bruxelles  ;  the  Societies  at  Gorlitz,  Wies- 
baden, and  Bonn;  the  Editors  of  the  An nales  des  Mines, 
Revue  Politique,  and  Nouvelles  Meteorologiques  ;  the  Royal 
Institution  ;  Editors  of  Nature  ;  and  Mr.  Robert  Twining  ; 
the  Societe  Literal  re  et  Philosophique,  Quebec;  the  Massa- 
chusetts State  Board  of  Health  ;  Silliraan's  Journal ;  State 
Geologist  of  New  Jersey  ;  American  Journal  of  the  Medical 
Sciences;  Department  of  the  Interior,  (J.  S.;  and  editors  of 
the  Western. 

The  death  of  Dr.  Andrew  A.  Henderson,  at  the  TJ.  S. 
Naval  Laboratory,  Brooklyn,  N.  Y.,  on  the  5th  inst,  aged 
59,  was  announced  by  Mr.  Lesley.  On  motion,  Mr.  Lesley 
was  lequested  to  prepare  an  obituary  notice  of  the  deceased. 

The  death  of  Mr.  John  Henry  Towne,  of  Philadelphia, 
at  Paris  on  the  6th  inst.,  w^as  announced  by  Mr.  Lesley. 
On  motion  Mr.  Sol.  W.  Roberts  was  requested  to  prepare  an 
obituary  notice  of  the  deceased. 

Dr.  LeConte  read  another  communication  from  Dr.  W. 
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J.  Iloftman,  dated  Reading,  April  5,  1875,  respecting  the 
Practice  of  Cremation  among  the  PAh-Utes,  or  Digger  In- 
dians, of  California.     (See  page  414.) 

Prof.  Frazer  read  a  communication  on  the  composition  of 
trap  rocks  and  gave  illustrations  on  a  screen,  from  slices, 
with  a  lime  light,  and  various  powers  of  lens.  (See  page  402 
and  plates  1,  2,  3,  4.) 

Mr.  Chase  communicated  a  comparison  between  the  lunar- 
monthly  rain-fall  in  the  U  nited  States  as  indicated  by  the 
morning  weather-maps  for  three  years,  and  the  Pcnasylvania 
Hospital  observations  for  43  years.     (See  page  416.) 

Mr.  Lesley  said  that  the  members  present  might  be  in- 
terested in  the  fact  that  he  had  succeeded  in  obtaining  a 
cross-section  projection  of  the  two  azoic  mountain  ranges 
which  once  occupied  Southeastern  Pennsylvania,  giving  for 
the  first  time  a  correct  explanation  of  the  structural  geology 
of  the  gneiss  and  mica-slate  belt  commencing  at  Easton,  on 
the  Delaware  River,  and  passing  through  Philadelphia,  Del- 
aware, Chester,  and  Lancaster  Counties  toward  Baltimore. 
The  sharp  synclinal  at  the  soapstone  quarries  separates  an 
anticlinal  mass  to  the  north  from  a  broader  anticlinal  mass 
to  the  south.  The  axis  of  the  latter  passes  through  the 
Fairmount  reservoir,  in  Philadelphia;  and  a  careful  colla- 
tion and  projection  of  the  dips  observed,  (by  Messrs.  Young 
and  Fagen,  aids  on  the  survey,)  along  the  Reading  Railroad 
track,  up  the  west  bank  of  the  Schuylkill,  upon  a  base  line 
of  vertical  section  transverse  to  the  general  strike,  namely, 
N.  5°  E, — S.  5°  W.  shows  that  the  highest  rock  now  seen  in 
that  synclinal  originally  rode  over  Fairmount  at  an  altitude  of 
about  15,000  feet;  and  over  the  northern  anticlinal  at  an 
altitude  of  10,000  feet.  The  dij-W  of  the  northern  anticlinal 
swing  round  from  south  by  east  to  north  in  a  regular  curve, 
showing  that  the  northern  mountain  mass  declined  rapidly 
eastward,  that  is  towards  Eiiston,  where  the  whole  of  the 
azoic  sinks  beneath  the  Xew  Red,  of  New  Jersey.  This 
mountain,  dying  down  eastward,  Rtopi)ed  the  normal  course 
of  the  Schuylkill  from  Reading  to  Chester;  and  the  present 
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notable  zigzag  of  the  river  towards  the  Northeast  and  then 
towards  the  Southeast  is  thus  explained.  The  ancient  drain- 
age passed  around  the  eroded  east  end  of  the  mountain.  For 
a  good  many  years  he  had  maintained  the  existence  of  these 
ancient  Alpine  ranges  in  early  times,  but  without  until  now 
deducing  the  opinion  from  regularly  compiled  structural  ele- 
ments of  observation. 

Pending  nominations  Nos.  766  to  780  were  read,  and  yoa. 
766  to  779  balloted  for,  and  the  following  pei-sons  declared 
duly  elected  members  of  the  Society : 

Mr.  Wm.  A.  Ingham,  of  Philadelphia. 

M.  VioUet  le  Due,  of  France. 

Mr.  John  McArthur,  Jr.,  of  Philadelphia. 

Judge  Joseph  Allison,  of  Philadelphia. 

Mr.  E<lward  Penington,  of  Philadelphia. 

Dr.  Henry  Chapman,  of  Philadelphia. 

Mr.  Alexander  Agassiz,  of  Cambridge,  Mass. 

Prof.  Frederick  Prime,  Jr.,  of  Easton,  Pa. 

Prof.  S.  P.  Langley,  of  Allegheny  City,  Pa. 

Mr.  II.  S.  Hagert,  of  Philadelphia. 

J^rof.  C.  F.  Chandler,  of  New  York. 

Mr.  Rossiter  W.  Raymond,  of  New  York. 

Prof.  Leonard  G.  Frank,  of  Philadelphia. 

Mr.  Wm.  P.  Tatham,  of  Philadelphia. 
And  the  meeting  was  adjourned. 


^Stated  Meeting,  May  7,  1875. 

Present,  20  members. 

Vice-President,  Mr.  Fraley,  in  the  Chair. 

Letters   accepting  membership   were  received  from   Mr. 
Alex.  Agassiz,  dated   Cambridge,   Mass ,  April   20  ;  Judge 
Joseph  Allison,  dated  Philadelphia,  April  21 ;  Mr.  John  Mc- 
Arthur, Jr.,  dated  Philadelphia,  April  20  ;  Prof.  Leo.  Geo. 
.  Frank,  dated   Philadelphia,  April   19 ;  Mr.    11.  S.  Hagert-, 
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dated  Philadelphia,  May  3  ;  Mr.  W.  A.  lugham,  dated  Phila- 
delphia, April  19 ;  Prof.  S.  P.  Langley,  dated  Allegheny, 
Pa.,  April  19  ;  Prof.  Frederick  Prime,  Jr.,  dated  Lafayette 
College,  Easton,  April  19,  and  Prof.  Rossiter  W.  Raymond, 
dated  New  York,  April  24. 

A  letter  of  acknowledgment  was  received  from  the  Royal 
Society,  dated  Edinburgh,  Dec,  1874  (XIV.  i.  iii.  Proc. 
83-87). 

A  letter  of  envoy  was  received  from  the  Ijondon  Meteor- 
ological Office  of  the  Royal  Society  dated  April.  1875. 

Donations  for  the  Library  were  received  from  the  Royal 
Academies  at  Berlin  and  Turin  ;  the  Observatories  at  Green- 
wich, Caj^  Town,  and  Oxford  ;  the  Geographical  Society 
and  Editors  of  Revue  Politique  at  Pari^ ;  the  Royal  Geo- 
grajjliical  and  Royal  Astronomical  Societies  and  Editors  of 
"  Nature  "  at  London  ;  and  Literary  and  Philosophical  So- 
ciety, Liverpool  ;  Natural  History  Society,  of  Northumher- 
land,  at  Newcastlc-on-Tyno ;  Royal  Society  and  Royal  Botan- 
ical Garden  at  E<linburgh ;  Royal  Geological  Society  at 
Dublin;  Essex  Institute;  Museum  of  Comparative  Zoology, 
at  Cambridge,  Massachusetts;  Boston  Society  of  Natural 
History;  American  Antiquarian  Society  at  Worcester;  Sil- 
liman's  Journal ;  Prof.  J.  D.  Dana;  Editors  of  the  American 
Chemist;  Columbia  College  School  of  Mines;  New  Jersey 
Historical  Society ;  Editors  of  the  Medical  News  and  Penu 
Monthly ;  College  of  Pharmacy ;  Dr.  C.  M.  Cresson ;  Mr. 
Lorin  Blodget;  the  U.  S.  Coast  Survey;  U.  S.  Engineer 
Department ;  aiid  U.  S.  Department  of  the  Interior. 

Dr.  Barker  exhibited  the  performance  of  his  new  arrange- 
ment of  the  galvanometer  for  lecture  illustration,  describing 
the  successive  contributions  to  its  perfection  made  by  Sax- 
ton,  Poggendorf,  Sir  Wm.  Thomi>son,  President  Morton,  and 
Prof.  Mayer. 

A  discussion  followed  on  the  galvanic  currents  in  rocks, 
and  the  magnetism  of  the  earth. 

Mr.  Blodget  referred  to  a  former  communication  to  the 
Society  on  the  subject  of  the  vertical  descent  of  air  in  the 
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case  of  the  meteoric  "  Northers," '  and  to  similar  views  ex- 
pressed by  Professor  Loomis  at  the  last  meeting  of  the 
National  Academy  at  Washington,  regretting  that  he  had 
not  had  leisure  to  place  all  the  facts  which  he  had  observed 
and  gathered  in  support  of  his  views  before  the  Society. 

Pending  nomination  No.  780  was  read. 

Mr.  Fmley  reported  the  receipt  of  the  quarterly  interest 
of  the  Michaux  legacy,  due  April  Ist,  amounting,  with  the 
premium  on  gold,  to  $154.48. 

And  the  meeting  was  adjourned. 


Stated  Meeting,  May  21, 1875. 
Present,  15  members. 
Vice-President,  Mr.  Fraley,  in  the  Chair. 

A  letter  acknowledging  the  receipt  of  Proceedings  92 
was  received  from  the  New  Bedford  Free  Public  Library. 

Letters  of  envoy  were  received  from  the  Asiatic  Society 
of  Japan,  dated  Yokohama,  April  5  ;  the  United  States 
Coast  Survey  office  ;  the  Norwegian  University,  Christiana  ; 
and  Mr.  IL  Wheatland,  Salem,  Massachusetts,  May  5,  1875. 

Donations  for  the  Library  were  received  from  the  Uni- 
versity of  Norway ;  Dr.  Boekh  ;  the  Royal  Society  at  Got- 
tingen ;  Royal  Academy  at  Berlin  ;  Horticultural  Society, 
Berlin;  Dorpat  Observatory  ;  Imperial -Geological  Institute, 
Vienna ;  Societe  Vaudoise,  Lausanne ;  Editoi-s  of  Revue 
Politique,  Paris,  and  "Nature,"  London;  Mr.  H.  Wheat- 
land, Salem  ;  Peabody  Museum,  Cambridge,  Massachusetts  ; 
New  Bedford  Free  Public  Library  ;  Prof  Dana,  New  Haven  ; 
Buffalo  Society  of  Natural  History  ;  Editor  of  the  American 
Chemist,  New  York ;  Department  of  the  Interior,  U.  S.; 
and  Mr.  Winchell. 

Letters  requesting  back  numbers  to  complete  a  set  were 
received  from  the  Royal  Academy,  Berlin,  and  Triibner  &  Co. 

Mr.  Lesley  described  the  changes  made  in  the  theoretical 


Barker]  440  [May  7, 

geology  of  the  country  south  of  Lake  Erie,  suggested  by  the 
work  of  the  New  Geological  Survey  of  Pennsylvania ;  the 
most  important  of  these  changes,  namely,  the  adoption  of  an 
east  and  west  strike  for  a  northeast  and  southwest  strike, 
being  necessitated  by  the  probability  that  most  of  the  expo- 
sures of  conglomerate  throughout  Warren,  Venango,  and 
Crawford  Counties  in  Pennsylvania,  and  Cattai'augus  and 
Chautauque  Counties  in  New  York,  belong  to  a  horizon  200 
feet  below  that  of  the  Qreat  Conglomerate,  No.  XII,  the 
base  of  the  Productive  Coal  Measures. 

Dr.  Cresson  referred  to  the  discussion  of  thermo-electric 
currents  at  the  last  meeting  to  state  his  own  opinion  that  it 
is  not  needful  to  have  tw6  metals,  or  an  unhomogeneous 
mass  of  one  metal  for  the  exhibition  of  such  currents.  He 
had  found  water  alone  to  be  a  sufficient  medium  for  the  pro- 
duction and  exhibition  of  the  phenomena  under  discussion. 

The  minutes  of  the  last  meeting  of  the  Board  of  Officers 
and  Members  in  Council  were  read. 

Pending  nomination,  No.  780,  and  new  nominations,  No. 
781  and  782  were  read. 

And  the  meeting  was  adjourned. 


CONTRIBUTIONS  FROM  THE  PHYSICAL  LABORATORY  OF  THE 
UNIVERSITY  OF  PENNSYLVANIA. 

No.  I. 

A  NEW  VERTICAL-LANTERN   OALVANOMETRR. 

By  George  F.  Barker,  M.D.,  Professor  of  Physics.  • 

(Read  before  the  American  PhiloHophical  Society,  May  Ith^  1875.) 
DeHiring  to  show  to  a  large  audience  some  delicate  experimeDis  in 
magneto-electric  induction,  in  a  recent  lectui-e  upon  the  Gramme  machine, 
a  new  form  of  demonstration  gilvanometer  was  devised  for  the  purpose, 
which  has  answered  the  object  so  well  that  it  seems  desirable  to  make 
some  permanent  record  of  its  construction. 

Various  plans  have  already  been  proposed  for  making  visible  to  an 
audience  the  oscillations  of  a  galvanometer  needle ;  but  they  all  seem  to 
have  ceitain  inherent  objections  which  have  prevented  them  from  ooming 
into  general  use.     Perhaps  the  most  common  of  these  devices  is  that  first 
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used  by  Gauss  in  1827,  and  adopted  subsequently  by  Poggendorft' and  by 
Weber,  wbieb  consists  in  attacbing  a  mirror  to  tbe  needle.  By  tbis 
means,  a  beam  of  ligbt  may  be  reflected  to  tbe  zero  point  of  a  distant 
scale,  and  any  deflection  of  the  needle  made  clearly  evident.  The  advan- 
tages of  this  method  are  : — 1st,  the  motion  of  the  needle  may  be  indefi- 
nitely magnified  by  increasing  the  distance  of  the  scale,  and  this  without 
impairing  the  delicacy  of  the  instrument ;  and  2d,  the  angular  deflection 
df  the  needle  is  doubled  by  the  reflection.  These  unquestioned  advan- 
tages have  led  to  the  adoption  of  this  method  of  reading  in  the  most 
excellent  galvanometers  of  Sir  William  Thomson.  While  therefore,  for 
purposes  of  research,  this  method  seems  to  leave  very  little  to  be  desired, 
yet  for  purposes  of  lecture  demonstration  it  has  never  come  into  very 
gi-eat  favor  ;  perhaps  because  the  adjustments  are  somewhat  tedious  to 
make,  and  because,  when  made,  the  motion  to  the  right  or  lefc  of  a 
spot  of  light  upon  a  screen  fails  of  its  full  significance  to  an  average 
audience. 

Another  plan  is  that  used  by  Mr.  Tyndall  in  the  lectures  which  he  gave 
in  this  country.  In  principle,  it  is  identical  with  that  employed  in  the 
megascope;  i,  d.,  a  graduated  circle  over  which  the  needle  moves  is 
strongly  illuminated  with  the  electric  light,  and  then  by  means  of  a  lens 
a  magnified  image  of  both  circle  and  needle  is  formed  on  the  screen.  The 
insiifticient  illumination  given  in  this  way,  and  the  somewhat  awkwaixl . 
arrangement  of  the  apparatus  requiried,  have  prevented  its  general 
adoption. 

A  mlich  more  satisfactory  arrangement  was  described  by  Professor 
Mayer  in  1872,*  in  which  he  appears  to  have  made  use,  for  the  first  time, 
of  the  excellent  so-called  vertical  lantern  in  galvanometry.  Upon  the 
horizonial  plane  face  of  the  condensing  lens  of  this  vertical  lantern, 
Mayer  places  a  delicately  balanced  magnetic  needle,  and  on  each  side  of 
the  lens,  separated  by  a  distai^ce  equal  to  its  diameter,  is  a  flat  spiral  of 
square  copper  wire,  the  axis  of  these  spirals  passing  through  the  point  of 
suspension  of  the  needle.  A  graduated  circle  is  drawn  or  photographed 
on  the  glass  beneath  the  needle,  and  the  image  of  this,  together  with  that 
of  the  needle  itself,  is  projected  on  the  screen,  enlarged  to  any  desirable 
extent.  The  defect  of  this  apparatus,  so  excellent  in  many  respects, 
seems  to  have  been  its  want  of  delicacy  ;  for  in  the  same  paper  the  use  of 
a  flat  narrow  coil,  wound  lengthwise  about  the  needle,  is  recommended 
as  better  for  thermal  currents.  Moreover,  a  year  later,  in  1873,+ 
Mayer  described  another  galvanometer  improvement,  entirely  difiorent 
in  its  character.  In  this  latter  instrument,  the  ordinary  astatic  galvan- 
ometer of  Melloni  was  made  use  of,  an  inverted  scale  being  drawn  on  the 
inside  of  the  shade,  in  front  of  which  traversed  an  index  in  the  form  of  a 
small  acute  rhomb,  attached  to  a  balanced  arm  transverse  to  the  axis  of 
suspension  of  the  needle,  and  moving  with  it.  The  scale  and  index  were 
placed  in  front  of  the  condensing  lenses  of  an  ordinary  lantern,  and  their 

♦American  Journal  ot  Science,  III,  lil,  414,  June  1872. 
t  American  Journal  of  Science,  III,  v,  270,  April,  1873. 
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ima^s  were  projected  on  the  screen  in  the  usual  way  by  use  of  the 
objective.  This  instranient  is  essentially  the  same  in  principle  as  the 
mirror  galvanometer  ;  but  it  cannot  be  as  sensitive  as  the  latter,  while  it 
is  open  to  the  same  objection  which  we  have  brou«jht  against  this— the 
objection  of  unintelUgibility.  In  the  hands  of  so  skillful  an  experimenter 
as  Mayer,  it  seems,  however,  to  have  worked  admirably. 

It  was  a  tacit  conviction  that  none  of  the  forms  of  apparatus  now  de- 
scribed would  satisfactorily  answer  all  the  requirements  of  the  lecture 
above  referred  to,  that  led  to  the  devising  of  the  galvanometer  now  to  be 
described,  which  was  constructed  in  February  of  the  present  year.  Like 
the  first  galvanometer  of  Mayer,  the  vertical  lantern,  as  impmved  by 
Morton,*  forms  the  basis  of  the  apparatus.  This  vertical  lantern,  as  con- 
structed by  George  Wale  &  Co.,  at  the  Stevens  Institute  of  Technology, 
as  an  attachment  to  the  ordinary  lantern,  is  shown  in  the  annexed  cut, 
figure  1.  Parallel  rays  of  light,  from  the  lantern  In 
front  of  which  it  is  placed,  are  received  upon  the 
mirror,  which  is  inclined  45<^  to  the  horizon,  and  are 
thrown  direetly  upward,  ui>on  the  horizontal  plano- 
convex lens  just  above.  These  rays,  converged  by 
the  lens,  enter  the  object  glass,  and  are  thrown  on 
the  screen  by  the  smaller  inclined  mirror  placed 
above  it.  The  upper  face  of  the  lens  forms  thus  a 
horizontal  table,  upon  which  water-tanks,  etc.,  q^ay 
be  placed,  and  many  beautiful  experiments  shown. 
To  adapt  this  vertical  lantern  to  the  purposes  of  a 
galvanometer,  a  graduated  circle,  photographed  on 
glass,  is  placed  upon  the  horizontal  condensing  lens. 
Above  this,  a  magnetic  needle,  of  the  shape  of  a  very 
acute  rhomb,  is  suspended  by  a  filament  of  silk,  which 
passes  up  through  a  loop  formed  in  a  wire,  stretched 
close  beneath  the  object  glass,  and  thence  down  to 
Tio.  1.  the  side  pillar  which  supports  this  objective,  where 

it  is  fastened  by  a  bit  of  wax.  to  facilitate  adjustment.  The  needle  itself 
is  fixed  to  an  aluminum  wire,  which  passes  down  through  openings  drilled 
in  the  scale  glass,  the  horizontal  lens,  and  the  inclined  mirror,  and  which 
carries  a  second  needle  near  its  lower  cnd.f    Surrounding  this  lower 

•Jour.  Frank.  Inst..  III.  Ixl,  :juu,  Muy,  1871 :  Am.  .1.  SH.,  Ill,  11.  71,  ir>.3,  July,  Aug., 
1H71 ;  U"»r.  J.  Sel.,  Oct.,  1871.  In  I>u»»nsc«i*a  verti«'alnttjichmcnt,  which  was  atlvertleotl  In 
hl«ctttalun:"t*  In  IS70,  tlie  urranK^'incnt  Is  similar,  except  that  the  !>eam  rcceivwl  upon 
the  mirror  l8  a  «livcr^ini<  <»nc,  an«l  conj«cqnently  the  horizontal  Ion?"  la  or  Khortor  focus. 
A  total  reflection  prism,  place<l  alwive  the  object  Kl«^*••*,  throws  the  light  to  the  screen. 
The  instrument  gives  a  uniformly  illumiiiatei  imt  not  very  bright  flehl.  i 

t  After  the  new  gal van<»inctcr  was  c«im{ilete<i  and  ha<I  been  in  use  for  several  weeks, 
1  ottserveil.  in  re-reading  Mayer's  first  paper,  a  note  slating  that  the  idea  had  o«ourre«l 
to  him  of  using  an  astatic  comldnatiou  consisting  of  two  needles,  one  above  the  lens  and 
the  other  below  the  ln<>lined  mirror— tho  two  being  cimnected  Uy  a  stitf  wire  passlnjr 
throutch  holes  in  the  comlenser  and  the  mirror.  The  plan  of  placing  the  coll  round  the 
hiwer  nee<lle  does  not  seem  to  have  suggested  Itself  to  him.  Indeed,  It  does  not  appear 
that  the  arrangement  he  mentions  was  ever  carrictl  into  practical  effect. 
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needle  is  a  circular  coil  of  wire,  having  a  cylindrical  holloa  core  of  an  inch 
in  diameter,  in  which  the  needle  swings,  and  a  smaller  opening  transverse  to 
this,  through  which  the  suspension  wire  passes.  In  the  apparatus  already 
constructed  (in  which  the  upper  needle  is  five  centimeters  long,)  the  coil  is 
composed  of  100  feet  of  No.  14  copper  wire,  and  has  a  resistance  of  0  2iM} 
ohm  The  accompanying  cross  section  (Fig.  2,)  of  the  vertical-lantern 
galvanometer  as  at  present  arranged,  drawn  on  a 
scale  of  1^7,  will  serve  to  make  the  above  descrip- 
tion more  clear.  A  is  the  needle,  suspended  di- 
rectly above  the  scale-glass  D,  by  a  silk  filament, 
passing  through  the  loop  B,  close  under  the  obj  c- 
tive  C.  This  needle  is  attached  to  the  aluminum 
wire  a  b,  which  passes  directly  through  the  scale- 
gUss  D,  the  condensing  lens  E,  and  the  inclined 
mirror  F  at  H,  and  carries,  near  its  lower  end,  the 
second  needle  I.  This  needle  is  shorter,  (its  length 
is  2,2  centimeters,)  and  heavier  than  the  upper  one, 
and  moves  in  the  core  of  the  circular  coil  J,  whose 
ends  connect  with  the  screw-cups  at  E.  This  coil 
rests  on  the  base  of  the  lantern,  enclosed  in  a  suit- 
able frame.  It  is  obvious  that  when  the  instru- 
ment is  so  placed  that  the  coil  is  in  the  plane  of  the 
Fig.  2.  magnetic  meridian,  any  current  passing  through 

this  coil  will  act  on  the  lower  needle,  and,  since  both  needles  are  at- 
tached to  the  same  wire,  both  will  be  simultaneously  and  equally  deflect- 
ed. Upon  the  screen  is  seen  only  the  graduated  circle  and  the  upper 
needle  ;  all  the  other  parts  of  the  apparatus  are  either  out  of  the  field  or 
out  of  focus.  Moreover,  the  hole  in  the  lens  is  covered  by  the  middle 
portion  of  the  needle,  and  hence  is  not  visible.  The  size  of  the  image  is, 
of  course,  determined  by  the  distance  of  the  galvanometer  from  the 
screen  ;  in  class  experiments,  a  circle  8  feet  in  diameter  is  sufficient ; 
though  in  the  lecture  above  referred  to,  the  circle  was  16  feet  across, 
and  the  needle  was  fourteen  feet  long,  the  field  being  brilliant. 

The  method  of  construction  which  has  now  been  described,  is  evidently 
capable  of  producing  a  galvanometer  for  demonstration,  whose  delicacy 
may  be  determined  at  will,  depending  only  on  the  kind  of  work  to  be  done 
with  it.  In  the  first  place,  the  needles  may  be  made  more  or  less  perfectly 
astatic,  and  so  freed  more  or  less  completely  from  the  action  of  the  earth's 
magnetism,  and  consequently  more  or  less  sensitive.  Moreover,  an  astatic 
system  seems  to  be  preferable  to  one  in  which  damping  magnets  are  used, 
since  it  is  freer  from  infiuence  by  local  causes  ;  though,  if  desirable  for 
a  coarser  class  of  experiments,  the  considerable  distance  which  separates 
the  needles  in  this  instrument,  allows  the  use  of  a  damping  magnet  with 
either  of  them.  In  the  galvanometer  now  in  use,  the  upper  needle  is  the 
stronger,  and  gives  sufficient  directive  tendency  to  the  system  to  bring 
the  deflected  needle  back  to  zero  quite  promptly.  In  the  experiments 
referred  to  below,  the  system  made  25  oscillations  per  minute. 
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Secondly,  the  8i)ace  beneath  the  mirror  is  sufficiently  large  to  permit 
the  use  of  a  coil  of  any  needed  size.  Since,  therefore,  the  lower  needle 
is  entirely  enclosed  within  the  coil,  the  field  of  force  within  which  it 
moves,  may  be  made  sensibly  equal  at  all  angles  of  deflection,  as  in  the 
galvanometers  of  Sir  Wm.  Thomson.  Hence  the  indications  of  the  instru- 
ment may  be  made  quantitative,  at  least  within  certain  limits.  The  cir- 
cular coil,  too,  has  decided  advantages  over  the  flat  coil,  since  the  mass  of 
wire  being  nearer  to  the  needle,  produces  a  more  intense  field.  Were  it 
desirable,  a  double  coil,  containing  an  astatic  combination  could  be 
placed  below  the  mirror,  the  upper  needle,  in  that  case,  serving  only  as  an 
index.  The  instrument  above  described  has  a  coil  three  inches  in 
diameter  and  one  inch  thick  ;  the  diameter  of  the  core  being  one  inc|i. 
Siuce  its  resistance  is  only  about  a  quarter  of  an  ohm  it  is  intended  for  use 
with  circuits  of  small  resistance,  such  as  thermo-currents  and  the  like. 

The  results  of  a  few  experiments  made  with  this  new  vertical-lantern 
galvanometer  will  illustrate  the  working  of  the  instrument,  and  will 
demonstrate  its  delioacy.  The  apparatus  used  was  not  constructed 
es[>ccially  for  the  purpose,  but  was  a  part  of  the  University  collection. 

Induction  Currenti, — 1.  The  galvanometer  was  connected  with  a  coil 
of  covered  copper  wire.  No.  11  of  the  American  wire  gauge,  about  ten 
centimeters  long  and  six  in  diameter,  having  a  resistance  of  0.323  ohm. 
A  small  bar  magnet,  •*>  centimeters  long  and  weighing  six  and  a-half 
grams,  gave,  when  introduced  into  the  coil,  a  deflection  of  4(P.  On  with- 
drawing the  magnet  the  needle  moved  4(P  in  the  opposite  direction. 

2.  A  small  coil,  20  centimeters  long  and  3.5  in  diameter,  made  of  No.  IG 
wire  and  having  a  resistance  of  0.371  ohm,  through  which  the  current  of  a 
Grenet  battery,  exposing  4  sqtiare  inches  of  zinc  surface,  was  passing,  was 
introduced  into  the  centre  of  a  large  wire  coil,  whose  resistance  was  0.205 
ohm,  connected  with  the  galvanometer.  The  deflection  produced  was 
20^.  Tiie  same  deflection  was  observed  on  making  and  breaking  contact 
with  the  battery,  the  smaller  coil  remaining  within  the  larger. 

3.  A  coil  of  No.  14  copper  wire,  sixty  centimeters  in  diameter,  and  con- 
taining about  40  turns,  the  resistiince  of  which  was  0.85  ohm,  was  connected 
with  the  galvanometer,  and  placed  on  the  floor.  Raising  the  south  side 
six  inche-i,  caused  a  deflection  of  4"^.  Placing  the  coil  with  its  plane  ver- 
tical, a  movement  of  two  centimeters  to  the  right  or  left,  caused  a  deflec- 
tion of  3-,  and  of  twenty  centimeters,  of  lO^.  A  rotation  of  U(P  gave  a 
deflection  of  12^  and  one  of  IW^,  of  24-.  These  deflections  were  of 
course  due  to  currents  generated  by  the  earth's  magnetism. 

4.  Thermo -ear  rents.— Two  pieces  of  No.  22  wire  fifteen  centimeters 
long,  were  taken,  the  one  of  copper,  the  other  of  iron  wire,  and  united  at  one 
end  by  silver  solder.  On  connoctin;;;  tlie  other  ends  to  the  galvanometer, 
the  heat  of  the  hand  caused  a  deflection  of  the  needle  of  20^. 

5.  A  thermo-pile  of  25  pairs,  each  of  bismuth  and  antimony,  was  con- 
nected to  the  instrument.  The  heat  from  the  hand  placed  at  five  centi- 
meters distil  nee  caused  a  deflection  of  3-. 
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6.  Two  cubes  of  boiling  water  acted  differentially  on  the  pile.  At  the 
distance  of  Ave  centimeters,  the  detiectioa  was  20^ :  moving  one  to  ten 
centimeterii,  the  deflection  was  reduced  to  5^. 

7.  Volttiie  current, — A.  drop  of  water  was  placed  on  a  zinc  plate. 
While  one  of  the  connecting  copper  wires  touched  the  zinc,  the  other  was 
made  to  touch  the  water.     The  deflection  wm  1(P. 

The  claim  which  is  here  made  for  the  instrument  however,  is  rather  for 
the  general  principle  of  its  construction,  than  for  the  advantages  possessed 
by  the  individual  galvanometer  above  described  which  was  constructed  at 
short  notice,  to  meet  an  emergency.  The  comparatively  small  cost  for 
which  it  may  be  fitted  to  the  vertical  lantern,  the  readiness  with  which  it 
may  be  brought  into  use,  the  brilliantly  illuminated  circle  of  light  which 
it  gives  upon  the  screen,  with  its  graduated  circle  and  needle,  the  great 
range  of  delicacy  which  may  be  given  to  the  instrument  by  varying  the 
coil  and  needles,  so  that  all  experimental  requirements  may  be  answered, 
and  finally,  the  satisfactory  character  of  its  ptrformance  as  a  demonstra- 
tion galvanometer,  all  combine  to  justify  the  record  which  is  here  made 
of  it. 

Philadelphuty  April,  1875. 
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THE  GEOLOGICAL  RELATIONS  OF  THE  LIGNITIC  GROUPS. 
By  John  J.  Stevenson, 

PROFESSOR  OF  GEOLOGY  IN  THE  UNIVERSITY  OF  THE  CITY  OF  NEW  YORK. 

{Read  before  tJie  American  Philosophical  Society y  June  18, 1875  ) 

The  principal  lignitic  areas  of  our  country  are  two  ;  one  on  the  Pacific 
Coast,  extending  in  all  from  Alaska  to  Lower  California  ;  the  other  in  the 
Rocky  Mountain  Region,  stretching  from  the  Arctic  Ocean  to  New  Mex- 
ico. Between  the  Sierra  Nevada  and  the  Rocky  Mountains  no  lignites 
have  been  discovered. 

Within  a  few  years  the  controversy  respecting  the  geological  relations 
of  these  lignites  has  become  very  keen,  some  regarding  them  as  Creta- 
ceous, others  as  Tertiary.  In  many  instances,  the  conclusion  reached  by 
investigation  of  the  flora  is  directly  contradictory  of  that  reached  by 
study  of  the  fauna.  Over  a  considerable  portion  of  the  Rocky  Mountain 
Region  the  rocks  of  the  Great  Lignitic  Group  are  barren  of  animal  re- 
mains and  only  plants  are  found.  Where  the  fauna  is  seen  the  genera 
and  species  are  usually  Cretaceous,  and  where  they  are  not  clearly  so 
they  are  fresh -water,  and  therefore  of  little  value  either  way.  The  flora 
is  very  closely  allied  in  general  character  to  the  Tertiary  flora  of  Europe, 
many  species  in  each  being  apparently  identical. 

During  my  connection  with  Lieut.  Wheeler^s  Expedition,  I  passed  over 
a  portion  of  the  disputed  ground,  and  so  became  involved  in  this  contro- 
versy. I  have  thought  it  necessary  to  study  with  care  all  the  material 
within  my  reach  which  seems  to  bear  upon  the  subject.  While  this  study 
has  shown  me  that  the  question  at  issue  is  by  no  means  so  simple  as  I 
supposed  it  to  be,  when  I  rendered  my  report  to  Lieut.  Wheeler,*  yet  it 
has  confirmed  me  in  my  conclusion  there  given,  that  the  Great  Lignitic 
Group,  or  the  Fort  Union  Group  of  Hayden,  is  Cretaceous  and  not  Eo- 
cene. 

It  is  essential  here  to  determine  the  value  respectively  of  the  various 
forms  of  geological  evidence,  for  all  have  been  cited  in  this  discussion, 
and  in  some  respects  they  seem  to  be  contradictory. 

In  every  case  where  applicable,  stratigraphy  is  final.  So  long  as  we 
can  trace  a  rock  continuously  we  have  no  doubt  of  its  identity.  But 
stratigraphy  in  this  simple  form  is  not  often  available  to  any  great  extent. 
So  variable  are  the  rocks  in  large  areas,  owing  to  the  different  conditions 
under  which  matter  may  be  deposited  synchronously  at  distant  localities, 
that  direct  comparisons  of  sections  by  lithological  characters,  or  even  by 
tracing,  becomes  impossible.  We  are  compelled,  therefore,  to  resort  to 
palaeontology  in  addition.  Our  geological  column  is  based  upon  the  suc- 
cession of  the  marine  invertebrata. 

The  stratified  rocks,  with  the  exception  of  comparatively  insignificant 
portions,  were  deposited  under  the  ocean,  and  of  those  which  contain  the 
remains  of  terrestrial  organisms,  by  fa^  the  greater  proportion  was  formed 
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along  the  sea-border,  exposed  to  frequent  irruptions  of  sea-water.  The 
lacustrine,  or  purely  fresh-water  deposits,  are  small  both  in  extent  and 
duration,  and  are  confined  chiefly  to  the  later  portions  of  geological  time. 
As  the  sea  always  covered  the  greater  part  of  the  earth  and  afforded  an 
easy  medium  of  migration  for  water-breathing  animals,  one  would  expect 
to  find  in  the  rocks  of  marine  origin  the  most  satisfactory  record  of 
changes  in  animal  life.  This  would  be  a  close  record  of  changes  in  physical 
conditions,  for  animals  are  of  a  high  type  of  organization,  and,  therefore, 
very  sensitive  to  alteration  of  circumstances.  The  record  is  remarkably 
complete.  From  the  base  of  the  Silurian  to  the  present  time  the  gaps  are 
few  and  usually  of  limited  extent.  In  our  country  thera  is  no  group  of 
rocks,  excepting  one,  which  does  not  yield  a  plentiful  supply  of  inverte- 
brate remains  over  perhaps  the  greater  part  of  its  area.  Even  the  Trias- 
sic,  usually  so  barren  in  America,  is  at  many  localities  rich. 

So  distinct  is  the  succession  of  invertebrate  life,  so  sharp  the  breaks  at 
the  close  of  many  periods  in  the  world's  history,  that  geologists  by  com- 
mon consent  have  adopted  this  form  of  life  as  the  foundation-stone  of  our 
system.  By  stratigraphy  the  succession  of  the  rocks  was  determined, 
but  by  the  succession  of  invertebrate  life  the  great  mass  was  divided 
into  groups  and  geological  history  could  be  written.  Rocks  containing 
a  certain  fauna  were  called  Silurian,  others  with  a  different  grouping 
were  termed  Cretaceous,  and  others  Miocene.  These  divisions  were  made 
on  the  basis  of  the  fauna  and  on  no  other  basis.  This  should  be  borne  in 
mind. 

The  same  succession  is  employed  in  making  the  minor  divisions.  In 
the  Upper  Missouri  Region  a  mass  of  rocks  is  found,  possessing  a  fauna 
closely  resembling  that  of  a  series  in  Europe,  termed  Upper  Cretaceous. 
This,  all  accept  as  proving  that  the  two  series  occupy  equivalent  positions 
in  the  geological  succession.  Closer  investigation  shows  that  the  Upper 
Missouri  series  is  made  up  of  five  distinct  groups,  each  characterized  over 
an  immense  area  by  a  peculiar  assemblage  of  invertebrate  remains.  These 
groups  make  the  section.  If  in  any  portion  of  the  whole  Western  region 
we  find  the  fossils  of  any  one  of  these  groups  in  a  mass  of  rocks,  we  may 
legitimately  expect  to  find  the  others  over  or  under  it,  as  the  case  may 
be.  It  may  occur  that  over  large  areas  a  group  thus  established  is  per- 
fectly barren  of  animal  remains.  This  does  occur  in  the  Cretaceous 
groups.  The  Dakota  Group  is  often  barren,  and  can  be  identified  only 
by  its  pi-eviously  determined  stratigraphical  relations.  The  Fort  Pierre 
and  Fox  Ilills  Groups,  we  are  told  by  Dr.  Ilayden,  show  extensive  zones 
of  ban-enness,  whereas  they  are  generally  prolific.  To  ex]>lain  this  varia- 
tion is  nut  always  easy,  but  wo  cannot  do  it  by  any  assumption  that  the 
prolific  portions  mark  the  site  of  lagoons  hold  by  elevation  and  contain- 
ing a  few  relics  of  a  past  age.  In  some  instances  these  *Magoons  "  would 
involve  us  in  difiiculty,  as  the  foKsiliferous  layers  in  different  zones  occupy 
different  horizons,  so  that  the  past  ago,  whose  fauna  was  preserved  in 
the  "lagoons,"  would  need  to  be  "past"  and  "present"  alternately  for 
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a  loDg  period  of  time.  The  lagoon  theory  is  quite  ingenious,  but  unfor- 
tunately cannot  accommodate  itself  to  the  facts. 

Some  species  of  invertebrates  showed  remarkable  tenacity  of  life.  Thus 
Strophomena  rhomhoidalis  reaches  from  the  Lower  Silurian  quite  to  the 
base  of  the  Lower  Carboniferous.  Atrypa  reticularis  existed  from  near 
the  beginning  of  the  Upper  Silurian  to  near  the  close  of  the  Devonian. 
In  each  group  they  show  marked  peculiarities  which  almost  suffice  to 
mark  the  horizon  from  which  the  specinen^  wore  obtained.  But  no  pa* 
laeontologist  would  be  reckless  enough  to  determine  a  horizon  with  these 
shells  as  his  only  data.  While  we  find  instances  of  this  kind  passing  up- 
ward, we  have  never  found  characteristic  Carboniferous  species  in  lower 
formations.  But  if  we  should,  we  must  yield  to  the  superior  evidence. 
Spirifer  eameratui  associated  with  a  strongly  marked  Devonian  fauna  in 
rocks  occupying  the  Devonian  position,  would  be  a  worthless  witness- 
So,  if  the  thing  were  possible,  should  we  find  Ammonitei  at  a  Silurian- 
horizon,  we  would  reject  the  testimony  in  favor  of  Mesozoic  and  accept 
the  stronger  testimony  for  Silurian.  Even  invertebrate  life  must  yield  to 
stratigraphy,  if  the  two  contradict. 

Vertebrate  life  is  too  imperfectly  preserved  to  be  ordinarily  of  much 
service  alone.  The  succession  is  not  fully  given.  Yet  it  may  be  service- 
able. If  certain  reptilian  forms  are  found  constantly  associated  with  a 
certain  invertebrate  fauna,  as,  for  example,  certain  forms  in  the  Creta- 
ceous, we  may  accept  those  as  evidence  where  other  evidence  is  wanting, 
for  their  horizon  has  been  definitely  fixed.  This,  however,  applies  only 
to  marine  foims.  To  terrestrial  forms,  the  same  objedtion  applies  as  to 
plants.  In  every  case,  however,  the  horizon  must  be  fixed  for  a  conti- 
nent, not  for  the  world,  since  the  conditions  afi*ecting  such  life  may  have 
been  different  in  America  from  what  they  were  in  Europe. 

Vegetable  life  shows  no  such  history  as  to  entitle  it  to  much  considera- 
tion. So  patent  is  this  fact  that  little  use  has  been  made  of  vegetable  re- 
mains in  determining  the  succession  of  rocks.  Fucoids  are  worthless  ex- 
cejit  in  limited  areas,  since  their  organization  is  so  low  as  to  enable  them 
to  withstand  changes  which  would  be  fatal  to  higher  organisms.  Land 
plants  are  unsatisfactory,  because  they  are  preserved  in  disconnected 
fragments,  and  because  the  areas  on  which  they  grew  were  so  widely 
separated  and  formed  so  small  a  portion  of  the  earth's  crust.  Let  us  look 
at  the  succession  as  we  find  it. 

Until  a  very  short  time  ago  the  existence  of  land  plants  during  the  Si- 
lurian and  early  Devonian  of  America  was  denied,  and  some  told  us  why 
no  such  llora  could  exist.  Two  water-worn  logs  of  coniferous  wood, 
found  in  the  Corniferous  Limestone,  changed  our  belief,  but  gave  us  liltle 
information.  Respecting  the  flora  of  the  Middle  and  Upi)er  Devonian 
and  of  the  Lower  Carboniferous,  we  have  but  limited  knowledge,  and  the 
localities  yielding  spccimers  are  few  indeed.  Of  the  Coal  Measure  vege- 
tation we  know  quite  well  that  portion  which  grew  in  the  swamps,  but 
of  the  upland  flora  we  have  only  fragmentary  information,  In  the  shape  of 


Stevcn?on  ]  '±01)  [June  18, 

stray  logs  which  floated  down  to  the  marshes.  From  the  Carboniferous 
to  the  Trias,  a  great  change  is  shown  by  the  fossils,  but  we  have  no  evi- 
dence to  prove  that  this  change  is  a  true  exposition  of  the  actual  change. 
For  aught  we  can  tell  to  the  contrary,  a  flora  closely  allied  to  the  one 
termed  Triassic  may  have  existed  during  the  Carboniferous.  In  the  Cre- 
taceous the  condition  is  little  better.  In  the  lower  portion,  leaves  of 
dicotyledonous  plants  occur  in  prodigious  numbers,  but  they  are  not  of 
plants  growing  where  the  leaves  occur.  For  the  most  part  they  are  single 
leaves,  washed  in  by  streams  from  the  land.  Between  this  sandstone  and 
the  Lignite  Group,  there  is  an  interval  mostly  unrepresented  at  the  East, 
but  at  the  West  occupied  by  a  mass  of  shales,  limestones,  and  fine-grained 
sandstones,  one  thousand  to  two  thousand  feet  thick,  and  absolutely 
barren  of  leaves  everywhere.  This  was  a  long  period,  during  which, 
under  the  sea,  nothing  but  fine-grained  materials  were  deposited.  In  the 
Lignite  Group,  leaves  are  numerous,  but  so  far  as  has  fallen  under  ray 
observation,  they  are  in  the  same  condition  as  those  at  the  base  of  the 
Cretaceous. 

Such  is  the  record  of  plant-life — a  record  little  better  than  a  blank,  with 
here  and  there  a  few  markings,  many  of  which  are  too  indistinct  to  be 
deciphered.  In  each  horizon  which  yields  relics  of  plants  by  far  the 
greater  i>ortion  of  the  area  is  barren — even  in  the  Carboniferous  age,  how 
small  a  proportion  of  the  rocks  are  leaf-bearing  in  the  most  favorable 
localities,  while  the  whole  vast  area  west  from  the  Mississippi  has  yielded 
but  a  beggarly  array  of  specimens.  At  best,  the  specimens  are  fragment- 
ary. The  same  frond  on  a  fossil  fern,  when  broken  up  into  its  pinnules, 
may  yield  two  or  three  genera  and  half  a  dozen  species.  When  only 
fragments  are  found,  it  is  impossible  for  the  palaeontologist  to  resist  the 
temptation  to  make  species.  Describing  fossil  ferns  from  fragments,  is 
almost  as  accurate  work  as  making  genera  and  species  out  of  fossil  teeth 
of  sharks.  In  the  case  of  leaves  of  dicotyledonous  plants,  the  matter  is 
evidently  worse.  The  limit  of  variation  of  a  species  has  never  been  ap- 
proximately determined  among  living  plants,  where  one  has  the  whole 
tree  at  hand.  With  only  imperfect  and  separated  leaves  to  study,  it 
would  seem  almost  impossible  to  determine  this  matter  respectii^g  extinct 
plants. 

Like  vertebrate  remains,  vegetable  relics  may  be  made  serviceable. 
The  character  of  the  coal  flora  has  been  so  carefully  studied  for  many 
years  that  it  is  quite  well  understood.  Here,  indeed,  the  matter  in  many 
cases  is  quite  simple,  for  the  roof  of  a  coal-bed  as  exposed  in  the  tunnel 
of  a  mine,  not  infrequently  exhibits  the  material  for  the  reconstruction 
of  an  entire  plant.  Unfortunately,  att^^inpts  at  re-construction  are  not 
common,  and  the  investigator  is  iisu  illy  Kiitisfied  to  describe  fragments 
as  species,  in  preference  to  carefully  studying  their  relation.  But  the 
horizon  of  these  plants  is  now  fixed,  tlieir  general  type  is  well  understood, 
aud  they  can  bo  used  as  evidence  uhcn  the  animal  remains  are  absent. 
The  day  may  come  when  dicotyledonous  plants  will  have  been  studied  to 
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the  same  extent.  As  it  is,  they  are  of  some  local  service.  The  flora  of 
the  Dakota  Group  serves  to  identify  that  formation  at  many  localities, 
east  from  the  Rocky  Mountains  when  the  rock  is  barren  of  animal  I'e- 
mains.  The  position  of  this  flora  has  been  fixed  by  means  of  its  position 
in  and  below  rooks  containing  the  ordinary  Cretaceous  types  of  animals. 

But  why  do  we  call  one  flora,  Cretaceous,  or  another  Triassic,  or  a 
third,  Tertiary  ?  Simply  because  it  is  found  in  rocks  belonging  to  such 
a  group.  Let  it  not  be  forgotten  that  we  do  not  call  the  group  Creta- 
ceous, or  Tertiary,  because  of  the  flora.  Stratigraphy  determined  the 
general  succession  of  rocks;  animal  life  determined  the  division  into 
groups. 

The  floras  of  our  later  geological  eras  cannot  afford  a  satisfactory  basis 
for  generalizations  looking  to  a  determination  of  equivalent  horizons  in 
Europe  and  America.  The  conditions  on  the  two  continents  were  widely 
different.  This  general  statement  has  been  practically  accepted  as  true 
by  our  palso-botanists,  Dawson,  Lesquereux,  and  Newberry,  all  of  whom 
have  acknowledged  that  the  testimony  of  plants  is  inferior  to  that  of  in- 
vertebrates.   This  story  is  a  brief  one. 

In  1858,  Mr.  Meek  and  Dr.  Hayden  submitted  to  Dr.  Newberry  a  col- 
lection of  dicotyledonous  leaves  which  they  had  obtained  from  the  Da- 
kota GroYip,  of  Nebraska.  Dr.  Newberry  found  great  resemblance 
between  these  and  the  Tertiary  flora  of  Europe,  but  regarded  them  as  of 
Cretaceous  age,  being  convinced  by  the  stratigraphy  and  the  testimony 
of  invertebrate  remains  in  the  overlying  rocks.  /Sketches  of  some  of 
these  were  sent  to  Prof.  Heer,  who,  in  a  letter  to  Mr.  Lesquereux,*  very 
positively  asserted  that  Newberry  erred  in  his  conclusions,  and  that  the 
plants  are  all  of  Tertiary  forms.     His  language  is  as  follows  : 

*'It  is  true  that  I  have  seen  only  some  drawings  which  were  sent  to  me 
by  Messrs.  Hayden  and  Meek,  but  they  are  all  Tertiary  types.  The  sup- 
posed Credneria  is  very  like  Populus  leuce,  Un^f.  of  the  Lower  Miocene, 
and  the  Ettinghausiana  seems  hardly  rightly  determined.  Besides,  it  is 
a  genus  badly  founded,  and  as  yet  has  no  value.  All  the  other  plants 
mentioned  by  Dr.  Newberry,  belong  to  genera  that  are  represented  in  the 
Tertiary  and  not  in  the  Cretaceous.  And  it  is  very  improbable  that  in 
America  the  Cretaceous  flora  had  the  characteristic  plants  of  the  Tertiary, 
and  this  would  be  the  case  if  these  plants  did  belong  to  the  Cretaceous.'' 

To  this  the  editors  of  the  Journal  append  a  note,  stating  that  similar 
leaves  had  been  collected  by  Prof.  Cooke,  from  the  base  of  the  Creta- 
ceous, as  well  as  by  Dr.  Newberry,  from  the  same  horizon,  in  Now 
Mexico,  so  that  if  the  leaves  are  Tertiary,  our  Cretaceous  is  abolished. 

Dr.  Newberry  replied,!  stating  that  he  had  collected  such  dicotyledon- 
ous leaves  from  the  Lower  Cretaceous  sandstones  at  Oalisteo  Creek,  in 
New  Mexico,  where  the  Upper  Cretaceous  sandstones  also  are  exposed, 
and  at  various  localities  further  east  to  the  Canadian  river  where  charac- 
*  A.mcr.  Journal  of  Sci.,  2d  series,  Vol.  28,  p.  88. 
t  Amer.  Journ.  Set.,  Vol.  29,  p.  2W. 
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teristic  Cretaceous  2  and  3  are  seen  resting:  upon  the  sandstones.  This 
statement  afforded  peculiar  gratification  to  the  editor,  who  takes  occa^ 
sion  in  another  portion  of  the  volume  to  rebuke  Messrs.  Marcou  and 
Heer  very  severely  for  considering  these  plants  as  Miocene.  If  these 
plants  are  Miocene,  the  editor  thinks  the  roof  of  our  geological  house 
was  put  on  before  the  foundation  was  laid.  This  is  a  very  proper  and 
judicious  conclusion. 

Mr.  Losquereux's  rejoinder  *  was  quite  keen,  defending  Prof.  Heer's 
conclusion  and  fully  endorsing  it.  So  that  he,  as  well  as  Profs.  Marcou 
and  Heer  regarded  these  plants  and  the  including  rocks  as  of  Miooene 
ago. 

In  18G3,  Profs.  Marcou  and  Capellini  undertook  a  journey  to  Nebraska, 
to  effect  a  iinal  determination  of  the  question.  Evidently,  the  testimony 
of  the  plants  was  of  little  value  in  their  eyes,  for  on  their  return  they  pro- 
nounced the  Dakota  Group  Cretaceous,  and  not  only  Cretaceous,  but  at 
the  base  of  that  series  as  developed  in  America.  In  his  work  describing 
the  leaves  collected  by  these  gentlemen,  Prof.  Heer  confessed  the  superior 
value  of  the  faunal  evidence,  and  placed  the  leaves  in  the  Cretaceous.  In 
18G8,  Mr.  Lesquereux  did  the  same,  describing  a  number  of  Cretaceous 
plants  from  the  Dakota  Group.  In  this  paper  he  announces  that  a  re- 
markable generic  afiinity  exists  between  the  Cretaceous  and  Tertiary  flora 
of  America.  In  1874  he  published  a  quarto  volume  on  the  Cretaceous  flora 
of  the  Dakota  Group.  It  is  sufficiently  evident,  then,  that  3Ir.  Les- 
quereux regards  his  plants  as  affording  by  no  means  positive  grounds 
for  generalization  respecting  equivalence  of  horizons  in  EurojM)  and 
America. 

Mr.  Lesquereux  has  claimed  that  the  determination  of  Miocene  charao- 
tcr,  made  by  Prof.  Heer  and  endorsed  by  himself,  should  not  be  regarded 
as  in  any  way  affecting  the  question  of  testimony,  because  the  material  at 
their  disposal  was  so  imperfect.  Such  a  plea  is  unfortunate,  and  the  excuse 
is  worse  than  the  error,  if  error  it  was.  If  the  material  was  too  imperfect 
to  justify  a  positive  conclusion,  why  was  the  conclusion  so  cmpiiatically 
stated  ?  Either  the  material  was  sufficient,  or  the  interpreters  are  untrust- 
worthy because  of  rashness.  That  the  material  was  sufficient  is  clear, 
because  the  general  statement  of  close  ixisemblance  to  Tertiary  forms  still 
holds  good.  This  whole  discussion  very  fairly  exposes  the  value  of  pa]»o- 
botaiiy  as  an  aid  in  the  determination  of  equivalent  horizons  on  discon- 
nected continents. 

The  plants  of  the  Great  Lignite  Group  are  no  bettor.  Of  these,  Mr. 
Lesquereux  has  described  a  great  number  of  species.  Of  those  identified 
with  £uroi)ean  forms,  the  relations,  with  hardly  an  exception,  are  Mio- 
ctnUy  yet  thuy  are  placed  in  the  Eocene,  One  very  eccentric  feature  here 
is,  that  in  some  localities  the  group  is  Lower,  and  in  others  Upper  Eocene, 
while  the  stratigraphy  seems  to  show  that  both  epochs  m»y  belmg  to  the 
same  horizon,  and  that  the  difference  in  the  flora  is  local  and  synchronous. 
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.Why  the  palseo-botanist  should  put  these  plants  into  the  Eocene,  rather 
than  into  the  Miocene,  is  not  known,  unless  it  be  done  in  deference  to  the 
stratigraphy. 

Other  illustrations  might  be  given,  such  as  the  occurrence  in  the  Ameri- 
can Carboniferous,  of  types  which  in  Europe  are  Triassic  or  Jurassic,  but 
it  is  hardly  necessary.  It  certainly  seems  dear  to  me  from  the  showing 
of  the  pakeo-botanists  themselves,  that  the  plants  have  nothina;  to  do 
with  the  matter ;  that  the  fact  that  certain  forms  occur  at  a  certain  hori- 
zon in  Europe  is  no  evidence,  pro  or  con,  that  their  horizon  in  America 
is  equivalent  to  that  in  Europe.  The  dicotyledonous  leaves  of  the  Lig- 
nitic  Groups,  t.  «.,  the  Dakota  and  Fort  Union,  are  locally  of  service,  in 
that  by  them  we  may  not  infrequently  trace  the  formation  on  both  sides 
of  extensive  areas,  from  which  the  rock  has  been  eroded,  or  in  localities 
where  the  stratigraphical  relations  are  doubtful. 

It  appears,  then,  by  the  common  consent  of  all,  that  we  must  determine 
the  European  equivalents  of  our  strata  by  means  of  animal,  not  by  means 
of  vegetable  remains.  This  being  understood,  we  may  look  at  the  facts 
as  we  have  them. 

The  Lignitic  araas  are  two,  one  on  the  west  coast,  and  the  other  in  the 
Rocky  Mountain  Region.  The  history  of  these  is  different,  and  they  rc< 
quire  to  be  taken  up  separately. 

Lignites  of  the  Pacific  Coast. 

According  to  Mr.  Gabb,  the  lignites  occur  at  three  horizons  in  this  re- 
gion. At  the  lowest  line  are  the  lignites  of  Vancouver  and  the  adjacent 
portions  of  Washington  Territory  ;  higher  up  he  finds  the  lignites  of 
Monte  Diablo,  in  California.  These  contain  all  the  workable  lignites. 
But  at  a  still  higher  horizon  there  occurs  an  extensive  deposit  of  lignitic 
beds,  none  of  which  are  of  economical  value.  The  last  group  he  regards 
as  of  Miocene  age,  but  the  others  he  places  in  the  Cretaceous. 

The  California  lignites  have  been  sufficiently  discussed  by  the  geolo- 
gists of  that  State.  I  do  not  know  that  the  reference  of  these  to  the  Cre- 
taceous has  ever  been  seriously  called  in  question,  so  that  it  is  unneces- 
sary to  speak  of  them  here.  The  deposits  possessing  chief  interest  for 
us  are  those  of  Vancouver.  These  have  been  carefully  studied  by  a  num- 
ber of  geologists,  and  the  fossil  remains,  both  animal  and  vegetable,  have 
received  close  attention  from  palaeontologists  of  the  highest  standing. 
The  deposits  of  Bellingbam  Bay,  Birch  Bay,  abd  other  localities  on  the 
continent,  can  hardly  be  regarded  as  fairly  coming  within  the  range 
of  tbis  discussion,  as  the  animal  remains  have  not  yet  been  worked  up 
thoroughly. 

According  to  Richardson,  the  coal  deposit  of  Vancouver  is  divided  into 
two  distinct  fields,  one  on  the  east  coast,  known  as  the  Nanaimo  Field ; 
the  other  on  the  west  and  northwest  coast,  named  by  him  the  Comox 
Field.  Both  of  these  have  been  examined  by  him,  but  his  more  el  abor  ite 
work  was  done  in  the  latter. 
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The  Nanaimo  Field  wag  examined  by  Dr.  Hector,  ia  1859.  He  suc- 
ceeded in  working  out  a  section  of  the  re^i^ion,  which  is  practically  as  fol- 
lows :  * 

1.  Purple  clays not  measured. 

2.  Conglomerate  and  sandstone 500  to  600  ft 

3.  Coalf   "Douglas"  seam 3  ft.  6  in. 

4.  Conglomerate  00  ft. 

5.  Goalf  "Newcastle"  seam Oft. 

0.  Sandstone 

7.  Conglomerate 

8.  Qreen  sandstone \    about  400  ft. 

0.  Tufaceous  rock 

10.  Greenstone  conglomerate 

11.  Igneous  rocks 

No.  8,  is  richly  fossiliferous,  containing  as  determined  by  Mr.  Ethe- 
ridge,  Trigonia  Einoryi^  Cytherea  Leonensis,  Exogyra  two  species,  Area 
throe  species,  Ostrea  two  species. 

The  sandstone  of  No.  2,  contains  a  thin  coal,  accompanied  by  plant- 
bearing  shales.  Yew-like  fronds  occur  in  the  arenaceous  shales  associa- 
ted with  the  larger  coals. 

No.  1  is  a  thick  mass  of  shale  somewhat  variegated  in  color  and  con- 
taining great  numbers  of  "  nodules  or  septaria  "  enclosing  fossils.  From 
these  nodules  there  were  obtained  Inoceramus  Grispii,  (Conrad),  /.  Tex- 
anus,  I.  Nebrascensis,  1.  unduloplieatui,  1.  confertim-annulatuSf  I,  myti- 
hides,  Baculites  compressus,  BaculiUs  two  species  undt.,  AmmoniteM 
geniculatus,  Ammonites  two  species  undt. 

Mi.  Brown'sf  observations  at  Nanaimo,  confirm  those  of  Dr.  Hector. 
In  the  shales  accompanying  the  coals,  he  obtained  great  numbers  of  leaf 
impressions,  both  mono-  and  di-cotyledonous  ;  while  from  the  associated 
sandstones,  he  procured  various  species  of  Ammonites,  Baculites^  Inoce- 
ramus,  Exogyra,  Ostrea,  Pecten,  Area,  Trigonia,  Cytherea,  Psamnwbia^ 
Tellina,  Mactra,  Natica,  Bostellaria,  etc. 

In  the  northwestern  or  Comox  field,  he  found  a  grouping  of  conglom- 
erate r,  sandstones,  fire-clays,  and  coals  similar  to  that  observed  in  the 
vicinity  of  Nanaimo.  Throughout  the  series  there  are  fossiliferous 
beds.  Dicotyledonous  plants  are  most  frequent  among  the  leaf  impres- 
sions, while  among  the  animal  remains  there  occur  Ammonites,  Baculites^ 
Pectunculus,  Plagiostoma,  Inoceramus,  Trigonia,  Uippurites,  Astarte^ 
Naticdy  and  Paludina, 

Mr.  Hichardson^  examined  the  Nanaimo  field  in  1871,  and  the  Comox 
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field  in  1872.    His  report  for  1871  is  not  in  my  possession.  In  the  Comox 
field  the  rocks  fall  naturally  into  seven  well-marked  groups  as  follows  : 

G.  Upper  conglomerate 820  ft. 

F.  Upper  shales 776  ft.  6  in. 

E.   Middle  conglomerate 1100  ft. 

D.  Middle  shales 76  ft. 

C.   Lower  conglomerate 900  ft. 

B.  Lowershales 1000ft. 

A.  Productive  coal  measures 736  ft.  6  in. 

Totel 4912  ft. 

Below  these  come  at  once  the  crystalline  rocks,  so  that  the  fossiliferous 
sandstones  found  below  the  Nanaimo  coals  must  be  absent,  or,  if  present, 
overlapped  by  Division  A. 

Division  A,  consists  of  shales,  sandstones,  and  coals,  the  latter  very 
irregular.  The  rocks  contain  no  animal  remains,  though  vegetable  im- 
pressions are  abundant.  B  is  made  up  of  brownish-black  argillaceous 
shales  with  thin  layers  of  gray  sandstone  and  arenaceous  shale.  The 
argillaceous  portions  are  rich,  both  in  individuals  and  species  of 
animal  remains.  Mr.  Richardson  obtained  AmmoniUif  7  sp.,  Aneylocerai, 
2  sp.,  Inoceramus,  4  sp.,  undetermined  Lamelli-branchiata,  15  sp.,  and 
Natica,  1  sp. 

Division  C  is  composed  of  coarse  pebbles,  held  in  a  brownish-gray 
sandy  matrix,  which  contains  wood  and  occasional  shells.  The  fossils 
from  this  division  are  rare,  as  would  naturally  be  expected,  but  Mr. 
Richardson  obtained  one  species  of  Ammonites  and  one  of  Arqa.  Division 
D  resembles  B,  but  is  rather  more  arenaceous.  Thin  streaks  of  coal  are 
common.  Lenticular  patches  of  limestone  are  of  frequent  occurrence, 
and  yield  Ammonites,  BacuUteSf  Nautilus,  Ostrea,  Inoceramus,  Area, 
Nucula,  together  with  numerous  undetermined  fragments  of  Latnellp- 
hranehiata  and  Gasteropoda, 

Division  E  is  an  exceedingly  coarse  conglomerate,  and  its  matrix  is  a 
coarse  sand.  No  fossils  were  observed  in  the  matrix,  though  some  were 
seen  in  the  included  fragments  of  limestone.  Division  F  resembles  D, 
but  is  much  more  arenaceous.  Near  the  top  it  contains  thin  streaks  of 
coal  and  many  fragments  of  fossil  wood,  which  show  the  structure  dis- 
tinctly. For  the  most  part  G  resembles  E,  but  contains  no  fragments  of 
limestone.  At  the  base  it  usually  exhibits  a  mass  of  gray  sandstone, 
with  thin  seams  of  coal  and  occasional  Belemnites. 

During  1872,  Mr.  Richardson  examined  also  the  deposits  in  the  Queen 
Charlotte  Islands,  north  from  Vancouver.  The  section  shows  the  follow- 
ing succession,  but  the  groups  were  not  measured  : 

1.  Upper  shales  and  sandstones. 

2.  Coarse  conglomerates. 

8.  Lower  shales  with  coal  and  iron  ore. 
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Organic  remains,  both  animal  and  yegetable,  occur  abundantly 
throusrhout  Div:i8ion  3.  No.  1  Ib  lighter  colored  and  more  arenaceous 
than  3.  Near  its  base  thin  layers  of  argillaceous  dolomite  occur,  and 
near  the  top  a  fossiliferous  layer  was  found. 

No  doubt  those  readers  to  whom  these  facts  are  new  will  feel  aston- 
ished to  learn  that  any  person  has  ever  disputed  the  Cretaceous  age  of 
these  coals.  The  whole  trouble  has  arisen  from  the  finding  of  some 
vegetable  fragments  which  have  been  so  far  affected  by  prolonged  mace- 
ration as  to  be  readily  identifiable  with  almost  anything.  The  interpre- 
ters of  these  impressions  are  not  entirely  agreed  among  themselves. 

Mr.  Lesquereux*  has  examined  a  large  collection  of  plants  from  Nanaimo 
and  the  adjacent  portion  of  Washington  Territory.  Out  of  the  specimens 
he  made  a  number  of  new  species,  while  he  recognized  a  number  identical 
with  species  previously  described  in  Europe.  So  closely  allied  to  the  iiora 
of  the  European  Miocene  are  these  that  Mr.  Lesquereux  refers  both  Na- 
naimo and  Belliugham  to  the  Miocene.  Somewhat  laterf  he  published  a 
letter  from  Prof.  Heer  fortifying  his  position  by  showing  the  identity  of 
several  of  his  species  with  those  known  in  Europe.  Both  of  these  pateo- 
botanists  agreed  in  referring  Vancouver  to  the  Miocene.  The  editor  of  the 
American  Journal  of  Science  felt  it  necessary  to  append  to  this  letter  an 
apology  for  Prof.  Heer,  in  which  he  stated  that  the  Professor  had  not  had 
access  to  the  paper  by  Meek  and  Hayden  on  the  Vancouver  fossils. 

The  collections  made  at  Nanaimo,  Bellingham  Bay,  and  other  localities 
in  the  vicinity,  by  Mr.  Geo.  Gibbs,  were  submitted  to  Dr.  Newberry,  J  who 
regarded  the  Bellingham  Bay  deposit  as  most  probably  Miocene.  He  had 
in  fact  thus  announced  it  in  1856.  Some  molluscan  remains  obtained  with 
the  leaves,  induced  Dr.  Newberry  to  regard  the  Nanaimo  coals  as  Creta- 
ceous. It  is  evident  from  his  language  that  nothing  in  the  plants  would  lead 
one  to  suppose  that  they  belong  to  a  Cretaceous  horizon,  but,  on  the  con- 
trary, that  enough  was  shown  by  them  to  cast  doubt  upon  any  such  con- 
clusion, were  satisfactory  evidence  lacking.     His  words  are  as  follows  : 

''The  evidence  now  before  us— if  the  specimens  in  the  collection  were 
obtained  in  the  circumstances  reported — shows  conclusively  that  all  the 
plant-bearing  strata  about  Nanaimo  are  of  Cretaceous  age  ;  indeed,  so  far 
as  at  present  known  to  us,  all  the  fossils  collected  at  Vancouver's  Island 
are  of  that  formation." 

The  vegetable  remains  obtained  at  Nanaimo,  in  1871,  by  Messrs. 
Selwyn  and  Richardson  were  submitted  to  Dr.  Dawson.  Among  these 
were  Taxoiium  cuneatuinj  Newb.,  Sequoia  Langsdorfii,  Heer,  Sabalf  PaU 
inacites,  Popului,  Quercut^  Platanus,  Cinnamomum  Heeri,  Lesqx.,  Taxi- 
let,  Cupressinoxylon, 

''Dr.  Dawson  states  tliat  the  plants  led  Lesquereux  and  Heer  to 
refer  the  beds  to  the  Miocene,  but  that  Newberry  has  shown  that  the 
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evidence  of  the  associated  marine  fossils  makes  them  Cretaceous,  which 
is  the  opinion  now  generally  accepted,  the  species  including  AmmoniUSj 
BacuUtet,  etc."* 

The  1872  collections  of  Mr.  Richardson  were  submitted  to  Dr.  Dawson 
for  examination.  The  results  as  announced  are  quite  positive,  somewhat 
contrasting  in  this  respect  with  those  already  given.f  Posubly  his  con- 
clusions may  have  been  affected  by  the  presence  of  so  great  an  abundance 
of  animal  remains.  Be  this  as  it  may,  his  language  is  open  to  no  charge 
of  obscurity. 

'*The  fossils  from  the  Queen  Charlotte  Islands,  consisting  entirely  of 
Pines  and  Cycads,  while  decidedly  Mesozoic,  would  indicate  a  somewhat 
older  stage  than  the  others,  siy  the  Jurassic  or  Lower  Cretaceous. 

'*The  fossils  from  the  coal-Held  of  Vancouver,  embracing  in  addition 
to  coniferous  trees,  both  wood  and  leaves  of  several  species  of  angio- 
sperroous  exogens,  coincide  with  those  of  the  Cretaceous  of  other  parts 
of  America,  for  example  of  Nebraska. 

''The  fossils  from  Hornby  Island,  in  shales  believed  to  overlie  those  of 
Vancouver  Island,  are  also  Cretaceous,  and  there  is  nothing  to  preclude 
their  belonging  to  tlie  upper  part  of  that  system." 

It  should  be  mentioned  here  that  Dr.  Dawson  refers  to  the  Upper  Creta- 
ceous of  Europe,  the  only  portion  of  that  system  represented  in  America, 
east  from  the  Rocky  Mountains.  I'he  Lower  Cretaceous  of  Europe  is 
probably  represented  on  the  Pacific  Coast  by  the  Charlotte  Island  coals 
and  the  Shasta  Group  of  the  California  geologists. 

The  evidence  given  by  the  animal  remains  is  indisputable.  The  coals 
at  Kanaimo  are  at  the  horizon  of  the  Niobrara,  or  Fort  Pierre  Group, 
probably  not  far  from  the  dividing  line.  The  coals  of  the  Comox  field 
are  lower  in  the  system  ;  while  the  Queen  Charlotte  coals  may  belong  to  the 
Lower  Cretaceous  (of  Europe),  or  to  the  Jurassic,  being  on  about  the 
same  horizon  as  the  Shasta  Group  of  California. 

It  is  certainly  very  strange,  after  the  publication  of  facts  so  convincing 
as  those  given  years  as^o  by  Meek  and  Newberry,  and  later  by  Gabb, 
Selwyn,  Richardson,  Dawson,  and  Billings,  that  Mr.  Lesquereux  should 
still  maintain  his  original  statement,  as  he  does  in  the  Seventh  Annual 
Report  of  the  Geological  Survey  of  the  Territories.  It  is  the  more  re- 
markable because,  in  a  volume  published  simultaneously  with  that  report, 
he  places  his  Miocene  flora  of  the  Dakota  Group  at  the  base  of  the  Creta- 
ceous for  no  reason  except  that  the  Dakota  rocks  clearly  underlie  others 
containing  characteristic  marine  fossils  of  Cretaceous.  This  inconsis- 
tency may  be  explained,  however,  by  the  fact  that  he  has  seen  the  rela- 
tions of  the  Dakota  Group  in  Nebraska,  while  he  has  never  visited  Van- 
couver. 

The  Rocky  Mountain  Region. 

In  this  region  there  seems  to  be  two  horizons  of  lignitic  rocks  ;  one  at 
the  base  of  the  Cretaceous,  extending  probably  from  the  far  north  in 
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British  America  southward,  with  more  or  less  irre^alarity,  into  New 
Mexico,  along  the  eastern  and  southern  borders  of  the  mountains,  with 
an  occasional  lignitic  bed  in  the  interior  of  the  region ;  the  other  reaching 
barely  beyond  our  northern  line  into  British  America,  and  extending 
southward  to  New  Mexico,  covering  a  vast  area  east  from  the  monntains, 
as  well  as  within  the  disturbed  region  and  beyond  it  at  the  south  in  New 
Mexico. 

For  a  proper  understanding  of  the  conditions  here,  it  may  be  well 
to  give  a  brief  description  of  the  various  formations  as  they  are  exposed 
along  the  east  flank  of  the  mountains. 

Silurian  strata  rest  upon  the  metamorphic  schists,  and  above  them  come 
the  Carboniferous,  the  Devonian  being  absent,  or  not  satisfactorily  iden- 
tified. Frequently  overlapping  and  concealing  these  formations,  there  is 
a  very  persistent  mass  of  red  beds,  more  or  less  conglomerate,  and  con- 
taining marls  and  beds  of  gypsum.  These  have  been  referred  to  the 
Triassic,  principally,  however,  because  of  negative  evidence.  They 
are  succeeded  by  shales  containing  limestone,  which  frequently  yields 
Jurassic  fossils.  Upon  this  last  rests  the  Cretaceous,  of  which  five  well- 
marked  divisions  have  been  ascertained  in  the  upper  Missouri  region. 
These  are,  ascending,* 

No.  1.  Dakota  Group,  sandstones,  shales,  and  lignites. 

No.  2.  Fort  Benton  Group,  usually  argillaceous  shales. 

No.  3.  Niobrara  Group,  limcstoaes  and  calcareous  shales. 

No.  4.  Fort  Pierre  Group,  shales  with  nodules  of  clay -iron  stone. 

No.  5.  Fox  Hills  Group,  sandstones,  more  or  less  calcareous. 
In  Colorado  and  New  Mexico,  especially  in  the  latter  territory,  it  is  not 
always  possible  to  make  out  the  groups  accurately,  and  some  of  those  who 
have  worked  in  that  region  are  satisfied  to  use  the  following  classifica- 
tion : 

Lower  Cretaceous,  equivalent  to  No.  1. 

^liddle  Cretaceous,  equivalent  to  Nos.  2,  8,  and  4. 

Upper  Cretaceous,  equivalent  to  No.  5. 
The  lower  Cretaceous  yields  animal  remains  at  few  localities,  and  these, 
in  many  cases,  are  of  such  a  character  as  to  render  its  reference  to  the 
Cretaceous  a  somewhat  doubtful  one.     It  contains  vast  numbers  of  vege- 
table impressions,  strikingly  resembling  the  Miocene  flora  of  Europe. 

The  Middle  Cretaceous  is  quite  variable  in  composition,  but  there  are 
few  exposures  of  the  lower  portions  which  will  not  yield  fine  collections 
of  animal  remains.  The  ferruginous  nodules  of  the  upper  part  are  in- 
variably fossiliferous.  It  occasionally  contains  thin  beds  of  lignite,  one 
having  been  observed  at  Sage  Creek,  AVyoming  Territory,  by  Dr.  Hay- 
den,  and  a  similar  one  at  Canon  City,  Colorado,  by  myself. 

The  upper  boundary  line  of  No.  5,  is  very  indefinite.  Indeed  it  is  t\fi 
matter  in  dispute.    The  rock  is  sometimes  a  rusty  arenaceous  shale  bat 

*Thl8  sacceMlon  was  elaborated  by  Mr.  Moek  and  his  oo-laborer,  Dr.  Hayden. 
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ordinarily  a  not  very  compact  sandstone,  rusty  yellow  in  color  and  con- 
cretionary in  structure.  In  parts  it  is  calcareous,  and  where  it  shows 
such  a  composition,  is  very  fossiliferous.  Dr.  Hayden  notes  the  interest- 
ing fact  respecting  the  Fort  Pierre  and  this  group,  that  there  are  zones 
or  belts  in  which  they  are  almost  uon-fossiliferous.  This  feature,  ob- 
served in  the  Upper  Missouri  Region,!  found  to  be  quite  characteristic  of 
the  Upper  Cretaceous  in  Colorado  and  New  Mexico.  The  group  is  marked 
by  a  rich  fauna,  largely  of  Cretaceous  forms,  but  mingled  with  many 
types  of  more  recent  character. 

Above  the  unquestioned  Cretaceous,  there  comes  the  great  lignite  series, 
termed  by  Dr.  Hayden,  the  Fort  Union  Qroup.  This  is  an  immense  mass 
of  sandstones,  shales,  and  beds  of  lignite,  having  a  maximum  thick- 
ness of  not  far  from  four  thousand  feet.  Marine  organic  remains  are  com- 
monly found  in  the  lower  portions,  but  over  a  part  of  the  area,  as  one  as- 
cends in  the  series,  he  finds  the  traces  of  marine  life  disappearing,  while 
laud  and  fresh-water  shells  occur  associated  with  vast  numbers  of  leaves 
of  dicotyledonous  plants.  Th9  'northern  and  southern  portions  of  this 
group  have  never  been  joined  by  direct  tracing.  At  the  north  it  under- 
runs  the  White  River  Group  near  Fort  Fetterman.  From  that  point 
southward  it  is  concealed  for  about  three  hundred  miles,  re-appearing 
from  under  the  same  group  in  Colorado,  twenty  miles  south  from  Chey- 
enne. A  careful  study  of  Dr.  Hayden's  reports  leaves  no  room  to  doubt 
the  correctness  of  his  conclusion  that  the  formation  near  Fort  Fetterman 
and  that  south  from  Cheyenne  are  the  same. 

The  Lower  Lignitic  Group. 

For  convenience  in  this  connection  I  thus  designate  the  Dakota  Group, 
Cretaceous  No.  1.  This  yields  lignites  over  an  enormous  area,  reaching 
from  the  Arctic  Ocean  into  New  Mexico,  but  for  the  most  part  the  beds 
are  thin  and  the  lignite  itself  is  very  impure. 

The  only  detailed  reference  to  this  group  in  British  America^  which  I 
have  at  hand  is  that  of  Dr.  Hector.*  Sir  J.  Richardson^s  **  Journal  of  a 
Boat  Voyage  through  Prince  Rupert's  Land,"  is  not  within  my  reach,  and 
his  statements  in  the  Appendix  to  Franklin's  Expedition  are  very  unsat- 
isfactory. Dr.  Hector's  observations  were  made  upon  the  Saskatchewan 
River  and  its  tributaries.  He  found  a  well-defined  series  of  coal-bearing 
strata  on  tlie  North  Saskatchewan,  or  Red  Deer  River,  and  on  Battle 
River.  On  Red  Deer  River  he  obtained  the  following  section,  descend- 
ing, 

1.  Sandstones  and  dark  clays. 

2.  Banded  marlites,  clays,  and  limestones. 

3.  Shell  conglomerate. 

4.  Clay. 

5.  Banded  clays  with  clay-iron  stone, 

6.  Coal,  three  feet  thick. 

7.  Clays. 

8.  Silicified  wood  and  brown  coal. 

9.  Sandy  clays. 

Total  thickness  of  section,  600  feet. 

*  Journal  of  the  Geological  Society,  1861. 
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The  shell-coDglomerate  contains  vast  numbers  of  Ostrea  cortex^  while 
the  overlying  banded  clays  exhibit  Ostrea  cortex,  O.villieata  and  Cytherea 
Texana,  and  one  of  the  limestone  layers  yielded  Ostrea  anomiaformis, 
Mytilus,  2  sp.  Cardium  multUtriatuMf  Crassatella,  Venus,  Roitellaria^  and 
Paludina.  In  tracing  this  group  from  Red  Deer  to  Battle  River  no 
change  was  observed  in  the  section,  but  at  the  latter  locality,  and  some- 
what higher  in  the  series,  a  concretionary  sandy  limestone  was  found 
containing  Avicula,  Cardium,  Cytherea,  and  Baculites  compressus.* 

On  the  North  Saskatchewan  the  relations  of  the  coals  are  not  shown 
fully  beyond  cavil.  In  that  region  the  formation  was  traced  over  a  great 
extent  of  country  and  diligently  searched  for  fossils,  but  without  much 
success.  The  coals  underlie  a  mass  of  variegated  marly  clays,  many  of 
them  containing  comminuted  fragments  of  vegetable  matter.  TheKC  are 
similar  to  those  of  the  Red  Deer  section.  In  the  immediate  vicinity  of 
Fort  Edmonton,  on  the  North  Saskatchewan,  there  are  found  fragments 
of  siliciiied  wood,  the  same  as  those  occurring  near  the  base  on  Red  Deer. 
In  the  absence  of  the  higher  and  fossiliferous  strata.  Dr.  Hector  regards 
the  siliciiied  wood  and  the  remarkable  lithological  resemblance  as  proving 
the  identity  of  the  two  sections  as  far  as  compared.  * 

East  from  the  Rocky  Mountains,  within  the  United  States,  the  lignite 
of  this  group  is  small  in  quantity  and  of  very  poor  quality.  A  number 
of  localities  have  been  given  by  Dr.  Hayden  and  others.  The  lignite  is 
never  really  workable;  and,  except  at  one  locality  in  Wyoming,  mentioned 
by  Dr.  Ilayden,  it  is  not  useful  for  fuel.  At  one  locality,  midway  be- 
tween Denver  and  Colorado  Springs,  in  Colorado,  I  saw  a  deserted  open- 
ing upon  a  thin  bed.    It  had  proved  of  no  value. 

In  the  interior  of  the  Rocky  Mountains  this  group  seems  to  carry  lig- 
nite very  rarely.  Prof.  Marsh,  in  1870,  discovered  a  bed  of  coal  on 
Brush  Creek,  a  tributary  of  Green  River.  Overlying  it  is  a  sandstone 
containing  a  layer  full  of  Ostrea  congesta,  and  further  up,  another  which 
yielded  a  crinoid,  evidently  allied  to  Marsupites,  Below  the  coal,  oopro- 
lites,  cycloidal  scales  of  fish,  together  with  teeth  resembling  Megalosaurus 
were  found.  This  locality  was  afterwards  visited  by  Mr.  Emmons,  who 
ascertained  that  the  rocks  belong  to  Cretaceous,  No.  1. 

I  regret  that  the  reports  of  Messrs.  Gilbert  and  Howell  to  Lieutenant 
Wheeler  are  still  unpublished.  They  contain  important  details  respect- 
ing the  distribution  of  the  lower  lignitic  series.  The  report  of  Dr.  New- 
berry upon  the  San  Juan  Expedition  has  never  been  printed.  It  thus 
happens  that,  although  a  large  portion  of  New  Mexico  has  been  very 
closely  examined,  none  of  the  results  are  'accessible  except  those  ob- 
tained by  Dr.  Newberry  on  the  Ives  Expedition  and  by  Dr.  J.  L.  Leoonte 
in  1868. 

Dr.  Newberryt  found  this  group  at  many  localities  in  New  Mexico, 
carrying  thin  beds  of  lignite.    At  Camp  92,  there  is  an  alternation  of 
*Theso  fo88ll8  were  ldontIflo«l  by  Mr.  Ethorldge. 
t  Ives'  Expedition.    Ueport  on  Geology,  pp.  81,  85,  87,  89, 04. 
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ooal  and  shale,  twelve  feet  thick,  resting  almost  directly  upon  Triassic 
marls,  and  underneath  a  yellowish  sandstone  filled  with  dicotyledonous 
leaves.  At  Camp  96,  and  at  Oraybe,  he  found  above  this  bed,  green  and 
blue  shales  two  hundred  and  fifty  feet  thick.  Toward  the  base  this  series 
contains  Ammonites  perearinatus,  Inoceramus  Crispii  and  OrypTiaa  navia, 
while  toward  the  top  it  shows  Pinna  (?)  lingula,  Oryphaa  PUcherij  with 
beds  of  lignite,  above  which  are  impressions  of  Platanui,  Alnus,  QuereuBy 
etc.,  along  with  Sphenopt&ris.  From  the  Moqui  country  eastward  for 
about  twenty  miles,  these  beds  are  continuously  in  sight ;  but,  at  length, 
they  under-run  a  mass  of  Tertiary  rocks,  which  Dr.  Newberry  thinks 
may  prove  equivalent  to  the  White  River  Group  of  the  Upper  Missouri 
Region.  At  Camp  100,  beyond  the  eastern  border  of  this  Tertiary  basin, 
a  group  of  lignites  and  brown  sandstones  is  found  between  the  Triassic 
and  Cretaceous,  but  it  is  not  persistent.  Near  Fort  Defiance,  the  Lower 
Cretaceous  Series  is  seen  resting  on  the  Triassic  and  consists  of  ''green 
and  dove-colored  shales,  brown  and  greenish  sandstones,  brownish-yellow 
concretionary  limestone  containing  ChryphoBQ  Pitcheriy  and  beds  of  lig- 
nite." The  section  here  is  about  the  same  as  at  Oraybe.  At  Campbell's 
Pass/the  section  is  as  follows  : 

1.  Cretaceous  sandstones,  shales,  and  lignites 700  ft. 

2  and  3.  Marl  Series. .  ) 750  ft. 

>  Triassic. 
4,  5,  and  6.  Salt  Group  J 520  ft. 

7.  Carboniferous  limestone. 

The  shales  in  No.  1  contain  Oryphaa  Pitcheri, 

The  same  section  was  traced  by  Dr.  Newberry  directly  to  the  Rio 
Grande,  and  at  Galisteo  Creek,  not  far  from  Santa  Fe,  the  section  is  : 

1.  Cretaceous  sandstones  and  shales  with  beds  of  lignites. 

2.  Red  and  white  marls,  all  somewhat  indurated,  with  silicified  wood. 

8.  Soft  red  sandstones  of  the  Salt  Group. 

Above  these  are  the  Santa  Fe  marls  which  rest  unconformably  upon 
the  Cretaceous. 

Dr.  J.  L.  Leconto's  notes*  give  few  details  respecting  this  region,  but 
they  serve  to  confirm  the  earlier  observations  by  Dr.  Newberry. 

In  1869,  Dr.  Ilayden  visited  Santa  Fe  and  its  vicinity.  His  notes  are 
given  in  his  report  for  that  year.  The  section  obtained  by  him  at  Santa 
Fe  is  certainly  eccentric.  On  Galisteo  Creek,  he  identifies  No.  2  and  4 
of  the  Cretaceous.  The  remainder  of  the  section  is  as  follows,  ascending, 

1.  Goal  Group,Yrith  abundant  impressions  of  deciduous  leaves,  resting 
conformably  upon  well-marked  Cretaceous  strata. 

2.  T/ie  Galisteo  Sand  Group,  consisting  of  variegated  sands  and  sand- 
stones, overlying  conformably  the  Coal  Group,  and  concealing  it  on  the 
east  and  northeast  flank  of  Placi^re  Mountain.  This  group  shows  pecu- 
liarities here,  not  seen  in  the  lignite  series  elsewhere.      The  color  varies 

*  Notes  on  tho  Qeology  of  the  Smoky  Hill  Route. 
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from  ligUt-red  to  deep  brick-red,  diiU-purpliBh,  deep-yellow,  white, 
brown,  drab,  etc.    The  only  fossils  are  silicified  trunks  of  trees. 

3.  Santa  Fe  Marls,  which  rests  anconformably  upon  the  Galisteo  Group, 
and  are  of  much  later  date. 

Dr.  Hayden  of  course  refers  this  whole  section  to  the  Tertiary.  Mr. 
Lesquereux  does  the  same,  in  consideration  of  six  species  of  leaves,  four 
of  which  are  peculiar  to  the  locality,  and  two  occur  elsewhere,  also.  But 
a  careful  comparison  of  this  section  as  given  by  Dr.  Hayden,  with  the 
details  of  the  geology  along  Dr.  Newberry's  route  from  Santa  Fe  west- 
ward, as  given  in  Ives'  report,  'will,  I  think,  satisfy  anybody  that  Dr. 
Hayden  has  by  some  oversight  inverted  the  order,  and  that  the  Galisteo 
Group  underlies  the  Coal  Group.  The  Galisteo  Group  is  unque^onably 
the  Triassic,  as  abundantly  appears  from  the  descriptions  of  that  system 
in  New  Mexico,  by  Newberry  and  Leconte. 

In  Utah  and  New  Mexico,  Messrs.  Gilbert  and  Howell  have  found  coal 
beds  of  much  economical  value  at  about  the  horizon  of  this  group,  but 
their  work,  being  unpublished,  is  not  accessible. 

The  Upper  or  Great  Lionitic  Group. 

This  is  the  Fort  Union  Oroup  of  Dr.  Hayden.  Its  relations  to  the 
Upper  Cretaceous  are  so  intimate  that  the  description  of  the  one  requires 
constant  reference  to  the  other. 

This  group,  so  far  as  our  present  knowledge  extends,  seems  to  pass  but 
little  beyond  our  northern  boundary.  For  information  respecting  its 
character  at  the  north,  I  have  consulted  the  writings  of  Messrs.  Hayden, 
Meek,  Lesquereux,  and  Emmons,  while  for  the  southern  extension  in 
Colorado  and  New  Mexico,  I  have  drawn  from  the  observations  of  Hay- 
den, Lesquereux,  Leconte,  Cope,  and  myself. 

Dr.  Hector  observed  some  lignites  at  La  Roche  Perc^e,  not  far  north 
from  the  United  States  boundary  line,  which  he  regards  as  the  northern 
extensio.i  of  the  Missouri  lignite  basin,  and  therefore  places  them  in  the 
Tertiary,  though  he  thinks  they  may  possibly  be  Cretaceous.  Prof.  Hind 
thinks  that  they  belong  to  the  Fox  Hills  Group  of  Meek  and  Hayden. 

Throughout  the  Upper  Miss^ouri  liegionj  this  Lignite  Group  is  perfect* 
ly  conformable  to  the  Upper  Cretaceous,  and  the  line  of  separation  can- 
not be  determined.  During  many  years  of  exploration,  only  one  case  of 
unconformability,  that  between  Spring  Cafion  and  Bridger  Peak  on 
Laramie  Plates,  has  been  found. 

On  the  Yellowstone,  below  the  mouth  of  Big  Horn  River,  the  Upper 
Cretaceous  (5)  passes  upward  into  a  dark-gniy  sandstone,  containing  many 
Cretaceous  species.  This,  in  turn,  changes  into  a  coarse-grained  friable 
ferruginous  sandstone,  containing  many  concretions.  This  latter  rock 
yielded  a  few  indistinct  bivalves,  which  were  evidently  of  marine  origin. 
At  a  locality  between  Big  Horn  and  Powder  Rivers,  No.  5  is  compotod  of 
clay  and  marls,  with  layers  of  concretionary,  ferruginous,  calcareous  sand- 
stone, containing  several  Cretaceous  species.    It  passes  almost  imper- 
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ceptibly  into  the  Lignitic  Group  above.  On  Powder  River  one  of  the 
lower  sandstones  of  the  latter  group  has  layers  hardened  by  the  presence 
of  calcareous  matter,  so  that  the  rock  weathers  into  architectural  forms, 
the  pillars  being  protected  by  a  cap  of  the  harder  rock. 

On  Gardiner's  River  the  intimate  relations  of  the  two  groups  are  well 
shown.  At  one  locality,  where  1200  feet  of  strata,  belonging  to  them  are 
exposed,  it  seems  impossible  to  draw  any  line  of  division,  ''  this  great 
group  of  beds,  simply  alternate  bods  of  sandstone  and  arenaceous  clays, 
passing  down  into  the  dark  sombre  clays  of  the  Cretaceous."  At  Cinna- 
bar Mountain,  above  the  mouth  of  Gkirdiner's  River,  '*the  dark,  laminated 
clays  of  the  Cretaceous,  passing  up  into  the  Upper  Cretaoeou%  are  well 
shown  with  perfect  continuity,  then  passing  up  into  a  great  thickness  ot 
the  sombre  brown  sandstones  of  the  Coal  Group.  There  is  a  g^at  uni- 
formity between  the  Upper  Cretaceous  and  Tertiary  series.  We  can  de- 
tect some  variations  in  color  and  texture,  but  they  are  of  minor  import- 
ance and  could  not  easily  be  described  in  words."* 

On  Box  Elder  Creek,  not  f^rfrom  Fort  Fdtterman,  the  lignite  series  con- 
sists of  rusty  sands  and  sandstones  and  arenaceous  clayff,  with  some  seams 
of  lignite.  On  Deer  Creek,  twenty-seven  miles  from  the  Fort,  the  black 
elays  of  No.  4.  are  capped  by  a  thin  bed  of  ferruginous  arenaceous  clays, 
above  which  are  two  bads  of  sandstone.  The  lower  one  of  these  is  concre- 
tionary throughout,  being  filled  with  sandstone  concretions  imbedded  in 
an  indurated  clay,  which  also  shows  a  tendency  to  concretionary  struc- 
ture. In  the  harder  portions,  a  few  specimens  of  BaculiUs,  Inoosrar/ojSy 
etc.,  were  found.  The  upper  bed  has  a  similar  rusty-yellow  olor,  but 
yields  no  fossils.  Both  rocks,  but  especially  the  lower  one,  tend  to  weather 
into  architectural  forms.  Near  old  Fort  Casper  a  yellow  ferruginous 
sandstone,  containing  Inoceramut  and  huge  concretiooii,  is  seen  restin;^ 
on  black  shaly  clays  which  Dr.  Hayden  assigns  to  the  horizon  of  Creta- 
ceous, Xo.  2. 

On  the  North  Platte  River,  from  Sage  Creek  to  3Ie<licine  Bow,  and 
thence  to  Bridger's  Pass,  the  sandstones  and  the  associated  clays  lying  at 
the  base  of  the  Lignite  Group,  are  almost  continuous.  They  rest  direc-t- 
ly  upon  Cretaceous  clajs.  The  san/lstones  are  irregularly  concretirjrjar>- 
and  occasionaly  jield  an  Inor^.ramut  or  ISaculiUt,  S^ime  ruAty  calcare- 
ous beds  contain  Onirta,  Along  the  Platte,  four  l>eds  of  the  laudstone  can 
be  dlstinguifthed*  The  first,  sec^^niJ,  and  thini,  beginning  at  tlie  base,  are 
in  all  fifty  to  eighty  feet  thick,  dral^-brown,  and  quite  massive.  1\\f. 
fourth  is  yellowish-gray,  full  of  large  rusty- brown  c/ncretirmary  nisuihes, 
which  are  laminated,  and  in  rf^lity  are  arenaceous  limestones.  I^tween 
the  beds  are  thin  layers  of  sandntone  and  sandy  limest/mes.  At  (l*t<t\tfyn 
Creek  the  rubtj  2Lriiniice^ftm  \fnt\s  of  No.  -j  pafts  up  gra/luslly  into  the  c^l- 
bearing  layers  without  any  perceptible  hre2ik,  and  without  any  marked 
change  in  the  sediment.  The  latter  series  is  from  IVXi  Uf  *Zijfft)  feet  thick 
and  consists  of  nii»ty-yeIlow  tanAi^fUHn  alternating  with  firtint'thU-nnj 
•  Hzjltu.  K*jK/r  for  ivri.  p.  92. 
A.  F.  8. — ^TOL.  UV.  'is 
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indurated  sands  and  clays.  In  the  neighborhood  of  Fort  Steele  the  sand- 
stones, seen  at  Medicine  Bow,  are  found  resting  on  Cretaceous  clays,  and 
passing  up  into  the  coal-bearing  strata.  These  contain  a  characteristic 
fucoid,  which  Air.  Lesquereuz  has  designated  by  the  name  of  Halytnenites 
major. 

Along  the  Union  Pacific  Railroad,  from  Como  to  St.  Mary's,  nearly  fifty 
miles,  the  lignitic  rocks  prevail  and  the  heavy  sandstone  at  the  base 
is  traceable  to  Carbon,  where  a  coal  overlying  it  is  mined.  This  is 
the  fucoidal  or  lignitic  sandstone,  showing  the  fucoid  just  referred  to. 
The  overlying  rocks  contain  vast  numbers  of  deciduous  loaves.  Beyond 
Rawlings'  Springs  this  series  is  again  seen,  overlying  Cretaceous  clays,  and 
at  Separation  a  coal,  probably  the  same  as  at  Carbon,  is  worked.  At  this 
locality  leaves  and  fresh-water  shells  are  found  in  the  upper  portion  of 
the  group  which  api>ear8  to  be  not  far  from  two  thousand  feet  thick. 

From  Separation  to  Bitter  Creek  Station  horizontal  Tertiary  beds  pre- 
vail, but  occasional  borings  have  demonstrated  that  the  coal-strata  are  not 
deeply  buried.  These  Tertiary  beds  are  of  fresh-water  origin  and  con- 
tain UniOy  Melania,  and  other  fresh-water  species.  They  are  unconform- 
able to  the  lignite  series  and  occupy  a  synclinal  trough  formed  by  these 
rocks. 

According*  to  Messrs.  Meek  and  Bannister,  there  occurs  between  Bitter 
Creek  Station  and  Green  River  an  enormous  accumulation  of  ooal-bear- 
ing  rocks,  not  much  less  than  4000  feet  thick,  and  underlaid  by  about 
1000  feet  of  sandstone.  The  greater  portion  of  the  upper  series  is  clear- 
ly of  brackish-water  origin,  as  it  contains  layers  at  various  horizons,  from 
which  Ostrea,  Corbula,  Melania^  and  Goniobaais  were  obtained.  Many 
layers  are  rich  in  deciduous  leaves,  and  from  one  in  the  upper  portion  of 
the  series  the  remains  of  a  saurian  were  obtained.  These  were  after- 
wards described  by  Prof.  Cope,  under  the  name  of  Agathaujnus  syhestrii. 
Before  reaching  Green  River,  these  rocks  under-run,  unconformably,  a 
later  series,  known  as  the  Green  River  shales. 

Messrs.  Meek  and  Bannister  made  no  examination  at  Point  of  Rocks. 
At  this  locality  Mr.  Lesquereux  found  an  anticlinal  which  exposed  the 
shales  of  Cretaceous,  No.  4,  underlying  conformably  the  great  fucoidal 
sandstone.  This  rock  is  185  feet  thick,  and  contains  Ualymenites  major, 
Lesqx.  This  sandstone  has  a  striking  lithological  character,  which  is 
widely  persistent  in  the  Rocky  Mountain  region.  It  is  a  little  strange 
that  these  Cretaceous  rocks  do  not  appear  under  the  Bitter  Creek  series 
at  Salt  Wells,  where  Meek  and  Bannister  found  the  great  mass  of  sand- 
stone. 

From  Green  River  westward  to  Bear  River  the  coal  rocks  are  not  seen, 
and  the  same  is  true  respecting  the  region  between  Bear  River  and  Coal- 
ville. These  areas  seem  to  be  utterly  isolated.  Mr.  Emmons  finds  them 
surrounded  on  all  sides  by  the  Tertiary  beds  in  such  a  way  as  to  prevent 
any  junction  by  stratigraphy  with  other  areas. 

At  Bear  River,  the  strata  have  been  so  distorted  that  it  is  not  easy  to 
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coDstinict  a  satisfactory  section,  but  on  Sulphur  Creek,  a  tributary  of 
Bear  River,  Messrs.  Meek  ani  Bannister  found  exposures  affording  an 
interesting  series  of  disconnected  sections.     The  following  shows  the  sue- . 
cession,  ascending,  as  far  as  it  seems  to  have  been  worked  out  satis- 
factorily : 

1.  Shales  and  sandstones,  not  well  exposed,  about 500  ft. 

2.  Two  or  three  rather  heavy  beds  of  yellowish-gray 

sandstone,  with  some  clays.  Near  the  base,  two 
layers  of  sandstone  occur,  containing  Ostrea  solen- 

iscuSf  Trapezium  micronema^  etc.,  about 100  ft. 

8.  Greenish  and  bluish-gray  sandy  clays  and  some  dark 

shale 100  ft, 

4.  Coal 7  ft.  0  in. 

5.  Massive  sandstone,  light-colored,  with  sandy  clay  at 

base 95  ft. 

0.  Sandstones,  clays,  and  arenaceous  shales. 275  ft. 

7.  Not  exposed,  a  horizontal  distance  of  about 2100  ft. 

8.  Light-gray  sandstones  and  clays,  including  a  Co<tl  bed, 

7  ft.  6  in,,  sandstone,  over  coal,  containing  Inocs- 
ramus  problematicus,  Cardium  and  undetermined 
univalves 150  ft. 

At  Coalville,  in  Utah,  the  same  gentlemen  obtained  the  following  mag- 
nificent section.    The  order  is  ascending  : 

1 .  Sandstones,  clays,  and  arenaceous  cleiys 163  ft. 

2.  Oays  and  thin  sandstones,  with  Inoceramus  prohlen^ 

aticuSf  Cardium  subcuriuin,  Lucina,  Macrodon^  Mo^ 
dtola  multilinigera,  Corbula,  Arcopagia,  Martesia, 
Neritina  pi$um,  Turritella,  etc 150  ft. 

3.  Clays  and  sandstone. 1 80  ft. 

4.  Coal 13  ft. 

5.  Yellow-gray  sandstones,  roof  of  coal,  containing  In- 

oceramus and  Ostrea  soleniseus  f 25  ft. 

C.  Very  dark  clay  with  Inoceramus  probkmaticus 80-100  ft. 

7.  Clays  and  sandstones,  not  well  exposed 100  ft. 

8.  Sandstones,  rich  in  fosiils,  HalymeniUs  major ^  Avic- 

ultty  Cardium,   Trapezium,   Tellina,  ^io 100  ft. 

9.  Clays  and  sandstones 80  ft. 

10.  Clays  and  sandstones,  with  Ostrea  soleniseus,  Avicula, 

Cardium,  Vellina,  Areopagia,  Gyrodts,  Cyprimera, 

etc 190  ft. 

11 .  Clays,  sandstones,  and  some  conglomerate 250  ft. 

12.  Not  well  exposed,  shales  and  clays COO  ft. 

13.  Shale  and  sandstone « 37  ft. 

14.  Coal 2ift. 

15.  Clays  and  some  sandstone,  with  mixed  fauna,  Anomia 
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InoceramvSf  Unioy  Car  drum,  Cprena,  etc 48  ft. 

16.  Coal 5Jft 

17.  Concealed 60  ft. 

18.  Massive  sandstone 220  ft. 

10.  Sandstone  and  sandy  clay  with  0.  sokniscus 14  ft. 

20.  Sandstones  and  clays,  not  fully  exposed 775  ft. 

21.  Gray  sandstone,  -witli  Inoceramuiy  Cardiumy  Ostrea, 

etc 80  ft. 

22.  Sandstones  and  clays,  with  fragments  of  Ostrea 191  ft. 

23.  Concealed 380  ft. 

24.  Conglomerate,  more  or  less  coarse 860  ft. 

25.  Gi*eat  Echo  Cafion  Conglomerate,  more  than 700  ft. 

Mr.  Meek  is  inclined  to  regard  this  whole  section  below  No.  25,  as  not 
only  Cretaceous  but  as  belonging  to  the  Middle  Cretaceous,  not  higher 
than  No.  3.  This  conclusion  appears  to  be  quite  improbable.  This,  it 
is  true,  lies  very  near  the  western  shore>line  of  the  Cretaceous  sea,  for 
no  rocks  belonging  to  that  system  have  been  found  west  from  the 
Wasatcli  Mountains  at  this  latitude,  which  explains  sufficiently  the 
coarseness  of  the  sediments  toward  the  base  of  the  section.  It  certainly 
seems  proper  that  all  above  No.  6  should  be  placed  in  the  Upper  Cre- 
taceous, for  the  fauna  approximates  the  fauna  of  that  horizon.  The 
succession  of  the  rocks  below  No.  C  fully  favors  this  view. 

Mr.  Emmons,  who  has  studied  this  region  elaborately,  maintains  that 
the  Coalville  and  Bear  River  areas  are  but  fragments  of  the  great  lignite 
series  seen  further  east,  and  that  they  are  the  western  portions  of  the 
Bitter  Creek  Group.  That  the  Coalville  section  above  No.  0,  is  equiva- 
lent to  the  Bitter  Creek  Group,  and  therefore  to  the  Fort  Union  Group,  is 
rendered  very  probable  when  we  consider  the  enormous  thickening  of  the 
rocks,  shown  alike  by  both  sections,  the  general  lithological  i*esemblance, 
and  the  presence  of  the  fucoid,  hitherto  unknown  below  that  horizon. 
Of  Mr.  Emmons'  work  nothing  has  been  published,  except  a  brief  resum6 
in  Volume  III,  of  Mr.  Clarence  King's  reports.  Mr.  Lesquereux  regards 
the  two  groups  as  practically  equivalent. 

Returning  now  to  the  east  face  of  the  mountain,  we  reach  the  Colorado 
and  New  Mexico  portion  of  the  area,  about  twenty  miles  south  from 
Cheyenne.  In  Colorado  and  eastern  Now  Mexico,  the  Lignitic  Group 
shows  the  following  section: 

1.  Sandstones,  yellowish,  ferruginous,  more  or  loss  conglomerate. 

2.  Sandstones,  shales,  and  coal-beds.     The  sandstones,  gray  to  light- 

yellow. 

3.  Sandstone,  rusty-red  to  yellow,  brown,  and  gray,  containing  thin 

coalSy  more  or  loss  concretionary,  and  passing  downwaixl  into 
a  mass  of  clays  and  argillaceous  sandstones. 

In  many  localities  tlio  clays  and  argillaceous  sandstones  seem  to  be 
almost  absent,  but  whore  tho  section  is  complete,  as  at  Cafion  City  and 
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Colorado  Spriiifi^s,  they  form  a  perfect  and  imperceptible  transition  from 
the  Sandstone  No.  3,  downward  to  undisputed  Cretaceous.  With  possi- 
bly one  exception,  the  Lignitic  and  Cretaceous  series  are  everywhere  per- 
fectly conformable.  Mr.  Marvine  found  distinct  unconformability  between 
them  in  Middle  Park  near  Mt.  Bross  ;  but  this  must  be  quite  local,  for 
Dr.  Hayden  states  respecting  Middle  Park,  in  the  same  vicinity, that  the 
Tertiary  rocks  are  found  in  great  thickness  and  perfectly  conformable  to 
the  underlying  Cretaceous.  At  many  localities  east  from  the  mountains 
a  conglomerate  occurs  resting  unconformably  upon  the  lignitic  rocks. 

About  twenty  miles  south  from  Cheyenne,  this  group  is  exposed.  The 
Cretaceous  passes  up  imperceptibly  iuto  the  fuooidal  sandstone,  which  is 
ninety-five  feet  thick.  At  a  few  feet  above  the  sandstone  is  a  coal-bed, 
four  to  six  feet  thick,  roofed  by  clay,  containing  an  oyster  like  0.  subtri- 
gonalu.  On  Boulder  Creek,  the  same  Oatrea  is  found  above  the  coal. 
Near  Golden,  the  sandstone  is  separated  from  the  Cretaceous  beds  by 
only  a  few  inches  of  clay,  and  contains  dicotyledonous  leaves  along 
with  Halymenites  major.  Near  Colorado  Springs  this  rock  contains  a 
a  variable  seam  of  coal,  and  affords  the  fucoid  and  dicotyledonous  leaves. 
Below  it  are  layers  of  clay  and  shale,  yielding  BaeuliUs  with  other  Cre- 
taceous forms,  and  passing  downward  into  Cretaceous  dark  shales. 

In  the  vicinity  of  Canon  City,  on  the  Arkansas,  the  succession  is  clearly 
shown.  The  dark  Cretaceous  shales  gradually  merge  into  a  mass  of 
clay  and  argillaceous  sandstones  which  passes  upward  imperceptibly  into 
the  fucoidal  sandstone.  In  the  upper  portion  of  this  loose-grained  rock 
there  are  many  impressions  of  fucoids  and,  in  some  of  the  more  compact 
layers,  indefinite  impressions  of  moilusca.  In  the  upper  portion  of  the 
clay-beds  Dr.  Hayden  found  an  imperfect  Inoeeramus,  From  this  locality 
southward,  the  sandstone  is  easily  followed,  standing  out  like  a  wall  for 
long  distances.  Near  Trinidad,  on  the  Purgatory  River,  Mr.  Lesquereux 
found  it  200  feet  thick,  resting  on  the  dark  shales  of  the  Middle  Creta- 
ceous. On  Raton  Creek  it  is  178  feet,  resting  on  the  Cretaceous  shales, 
and  overlaid  by  300  feet  of  coal-bearing  rocks.  On  Vermejo  Creek,  the 
sandstone  contains  three  thin  seams  of  coal.  At  Cation  City  it  contains 
certainly  two. 

Respecting  the  relations  of  the  Cretaceous  and  the  Lignitic  Group,  east 
from  the  mountains,  Dr.  Hayden  says,  **  These  black  shales  pass  gradu- 
ally up  into  rusty  arenaceous  clays,  which  characterize  No.  5  ;  and  No.  5 
passes  up  into  the  Lignite  Tertiary  beds,  where  they  can  be  seen  in  con- 
tact, without  any  well-defined  line  of  separation  that  I  could  ever  dis- 
cover.*'* 

In  its  southern  extension  and  near  the  mountains  the  fucoidal  sand- 
stone is  for  the  most  part  of  a  texture  unfavorable  to  the  pi*eservation  of 
organic  remains  and  seldom  contains  any  other  than  very  rude  specimens 
of  fucoids.  Dr.  Hayden  states,  that  he  has  searched  it  over  an  area  of 
many  miles,  but  has  succeeded  in  finding  no  fossils  excepting  **one 
*  Reprint  of  Reports,  p.  121. 
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obscure  fragment  of  a  marine  bivalve,  like  the  clam,  wMle  in  the  mud- 
beds  and  shales  below,  species  of  Inoceramus  are  common."*  In  the 
Raton  Pass,  Dr.  Leconte  found  a  small  Inoceramus^  badly  preserved,  as 
would  naturally  be  expected  by  any  one  familiar  with  the  rock.  Ms^or 
Hawn,  in  his  report  to  Lieut.  Ruffner,  says  that  he  obtained  Cretaceous 
fossils  near  Caiion  City  at  only  a  few  feet  below  the  coal.  Above  this 
sandstone,  in  the  shales  among  the  coal-beds,  there  are  several  layers 
crowded  with  an  Ostrea  of  undetermined  species. 

Along  the  South  Platte,  about  forty  miles  north  from  Denver,  there 
occurs  a  great  mass  of  sandstone  which,  in  my  report  to  Lieut.  Wheeler, 
I  have  i*egarded  as  the  great  fucoidal  sandstone.  Mr.  Arnold  Hague,  who 
explored  this  ragion  with  much  care  in  connection  with  the  G^logical 
Survey  of  the  Fortieth  Parallel,  maintains  that  the  sandstones  belong 
not  at  the  base,  but  at  the  very  top  of  the  Lignitic  Group.  He  is  doubt- 
less correct.  The  section,  as  I  followed  it,  begins  at  the  mouth  of  St. 
Vrain's  Creek  and  continues  without  a  break  to  Evans  and  Greeley,  a  dis- 
tance of  about  twenty  miles.  The  dip  in  this  direction  is  quite  small, 
as  the  road  crosses  the  true  dip.  My  examination  here  was  a  hasty  one, 
and  I  had  no  opportunity  to  follow  up  either  St.  Yrain's  or  Thompson's 
Creek,  so  as  to  ascertain  what  underlies  this  rock.  The  whole  mass  cer- 
tainly overlies  the  thin  lignites  of  Platteville.  The  clays  and  sandstones 
seen  below  the  sandstones  at  the  mouth  of  St  Vrain's  bear  much  resem- 
blance to  those  below  the  fucoidal  sandstone  at  Cafion  City,  and  this  in- 
duced me  to  regard  the  section  as  the  same.  But  a  careful  comparison 
and  summing  up  the  sections,  shows  me  that  the  total  thickness,  several 
hundred  feet,  is  far  too  great  to  permit  us  to  suppose  it  the  fucoidal  sand- 
stone, and  we  must  therefore  regard  it  as  belonging  much  higher  in  the 
series,  f 

These  sandstones  are  several  hundred  feet  thick,  light-blnish-gray  to 
reddish-brown  and  yellow,  and  rest  on  a  mass  of  clays  and  shaly  sand- 
stones. They  are  all  friable  and  yield  readily  to  the  weather,  wearing 
into  immense  cavities  and  breaking  down  into  loose  sand.  In  the  red- 
dish ferruginous  sandstones,  which  form  the  top  of  this  group,  there  are 
many  thin  argillo-calcareous  layers,  which  are  prodigiously  rich  in  fossils. 
Some  of  these  are  simply  masses  of  the  fucoid,  HalymeniUs  major ^  Lesqz, 
while  others  contain  characteristic  sf^ecies  of  Cretaceous  No.  5,  such  as 
Amifi07ii(es  lobatus,  Cardium  speciosum,  Nueula  cancellata,  Mantra  alta, 
Mactra  Wnrrenana,  Lunatia  Moreauenais,  and  undetermined  species  of 
Anchuni.  The  same  species  were  obtained  from  this  vicinity  in  1874,  by 
a  party  under  the  direction  of  Dr.  Hayden,  to  whom  I  had  minutely  des- 
cribed the  locality. 

From  the  interior  of  New  Mexico  we  have  but  little  information  re- 
specting this  group.    Much  material  has  been  gathered,  but  it  is  unpub- 

♦  Reprint  of  Reports,  p.  154. 

1 1  understand  that  Dr.  Newberry  proposes  to  visit  Colorado  this  year.  He  will  ex- 
amine this  vicinity  closely. 
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lished.  Prof.  Copo*  has  given  a  brief  statement  of  its  relations  in  the 
region  northwest  from  Santa  Fe,  and  lying  between  the  Cbama  and  San 
Juan  Rivers.  This  region  had  been  visited  previously  by  Dr.  Newberry 
in  1859,  and  by  myself  in  1873»  but  the  trails  followed  merely  crossed  the 
region,  and  only  skirted  that  portion  referred  to  by  Prof.  Cope.  The 
Tertiary  lake  mentioned  by  Prof.  Cope  is  evidently  the  same  with  that 
crossed  by  Dr.  Newberry,  when  with  the  Ives  Expedition.  The  Cretaceous 
here  consists  of  Lower  OretcLceou$,  sandstones,  Middle  Cretaeeous,  mostly 
dark  shales  and  limestones,  Upper  Orelaceous,  sandstones.  Throughout 
the  whole  series  Cretaceous  species  occur.  In  the  Upper  group  Ammo- 
niteSf  BacuUtee,  and  other  indisputable  forms  occur  in  gpreat  abundance, 
associated  with  Halymenites  major.  The  following  is  Prof.  Cope's  state- 
ment: 

'*  The  shore  of  this  lake  was  formed  by  rocks  of  the  Cretaceous  forma- 
tion of  an  age  near  the  No.  3,  of  Meek  and  Hayden.  In  approaching  it 
from  the  east  we  traverse  the  sandstones  of  Cretaceous  No.  1,  both  hori- 
zontal and  tilted  at  various  angles,  and  find  No.  2  resting  upon  it,  fre- 
quently unconformably,  and  tilted  at  higher  angles,  frequently  45^,  some- 
times 5(P,  to  the  west  and  southwest,  and  containing  numerous  fossil?,  as 
InoceramuSf  etc  The  upper  sandstones  of  this  formation  pass  into  a 
brackish  or  fresh- water  formation,  which  includes  a  bed  of  lignite,  of 
sometimes  50  feet  in  thickness.  Above  this  rasts,  conformably,  where  seen, 
a  moderate  thickness  of  rather  soft  marine  rocks,  containing  numerous 
shells,  Acephala,  Gasteropoda,  wid  Cephalopoda,  including  Oysters,  Bacu- 
liteSj  and  Ammonites  resembling  A.  placenta  most,  with  sharks'  teeth. 
Resting  unconformably  upon  these,  with  a  much  reduced  dip,  is  a  mass 
of  brown  and  reddish  sandstone,  some  1500  feet  in  thickness,  inclining 
perhaps  10^  south  and  southeast.  These  pass  contiuoiisly  into  the  super- 
incumbent red  and  gray  marls,  alternating  with  brown  and  white  sand- 
stones of  the  fossiliferous  beds  of  the  Eocene.  The  observed  papt  of 
these  beds  is  about  1500  feet  in  depth." 

Having  been  within  not  more  than  fifteen  miles  from  the  verge  of  the 
Eocene  basin,  I  feel  assured  that  Prof.  Cope  is  in;iccurate  in  his  reference 
of  these  rocks  to  Nos.  1,  2,  and  3,  of  the  Cretaceous.  They  are  the  Lower, 
Middle,  and  Upper  divisions  of  the  Cretaceous  and  represent  the  whole 
series. 

Prof.  Cope's  mistake  was  a  natural  one  in  his  circumstances,  as  he  had 
devoted  no  time  to  the  study  of  the  Cretaceous  in  New  Mexico,  though 
he  had  examined  that  formation  quite  closely  at  the  north. 

Respecting  the  geological  position  of  this  group  there  has  been  great 
ditterenceof  opinion.  On  one  side  the  statements  have  been  for  the  most 
part  very  positive,  while  on  the  other  they  have  been  uncertain  and  more 
or  less  compromising.  Those  who  have  studied  the  plants,  throw  the 
beds  into  the  Tertiary,  while  those  who  have  studied  the  fauna  and  the 
stratigraphy  regard  the  greater  portion  of  the  mass  as  Cretaceous  though 
*  Lieut.  Wheeler's  Report  of  Progress  for  1873.    Appendix. 
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they  are  generally  inclined  to  admit  that  the  highest  portions  may  be 
Eocene. 

After  a  carefal  study  of  plants  collected  by  Dr.  H^den  in  the  Upper 
Missouri  Region,  Dr.  Newberry  referred  the  Fort  Union  Group,  as  there 
exhibited,  to  the  Miocene.  This  conclusion  was  based  upon  the  close  re- 
semblance of  this  flora  to  the  so-called  Miocene  flora  of  Greenland  and  its 
intimate  relation  to  the  Miocene  flora  of  Europe.  Dr.  Newberry  still 
holds  this  opinion  resjDecting  the  Upper  Missouri  Region,  though  he  shows 
some  inclination  to  dispute  the  assertion,  that  the  southern  portion  is  as 
recent  as  the  Eocene.  The  stratigraphical  evidence,  however,  is  so  strong 
to  prove  the  identity  of  the  group  throughout  the  Rocky  Mountain  Re- 
gion, that  all  parts  of  the  area  must  belong  to  the  same  horizon.  If  one 
part  is  Miocene  the  other  is  Miocene  also. 

Mr.  Lesquereux  has  published  several  elaborate  and  very  able  papers 
upon  the  flora  of  this  group.  Though  it  has  close  affinity  to  the  Miocene 
flora  of  Europe,  he  does  not  regard  it  as  Miocene  throughout,  but  divides 
the  series  containing  it  into  Upper  and  Lower  Eocene,  the  former  repre- 
sented at  Carbon,  Evanston,  and  Sage  Creek ,  and  the  latter  at  Eaton 
Mountains,  Oolden,  Black  Butte,  Spring  Canon,  and  Fbrt  Union,  As  a 
whole,  he  regards  this  vegetation  as  Oligocene.  Above  tbe  Lignitic 
Group  he  finds  the  Miocene  at  Oreen  River,  Elko  Station,  South  and  Mid- 
dle Parka, 

Dr.  Hayden  has  long  halted  between  two  opinions.  He  looks  upon  the 
Coalville  and  Bear  River  sections  as  Cretaceous  beyond  doubt,  but  con- 
cerning the  i*ost  of  the  Great  Lignite  Group  lie  is  by  no  means  so  de- 
cided. Sometimes  he  speaks  of  the  Lignite  Tertiary,  at  others  he  seems 
10  regard  the  group  as  partly  Cretaceous  and  partly  Tertiary,  while  for 
the  most  part  in  his  morp  recent  publications  he  is  disposed  to  regard 
the  whole  as,  in  great  measure,  beds  of  transition.  From  the  beginning 
liis  inclination  has  been  to  favor  the  Tertiary  hypothesis.  Under  such 
circumstances  one  cannot  fail  to  admire  the  frankness  with  which  all  the 
facts  are  given  in  Dr.  Ilayden's  reports,  many  of  them  bearing  directly 
against  the  deductions  previously  published  by  the  Doctor  himself.  Judg- 
ing from  his  readiness  to  receive  the  truth  even  at  the  expense  of  discard- 
ing cherished  opinions,  there  is  every  reason  to  hope  that  before  very  long 
Dr.  Hayden  will  be  one  of  the  most  energetic  expounders  of  the  doctrine 
that  the  Lignitic  Group  is  Cretaceous. 

Mr.  Meek  refers  the  Coalville  and  Boar  River  areas  as  well  as  a  portion 
of  the  Bitter  Creek  Series  to  the  Cretaceous  but  thinks  the  upper  portion 
of  the  Bitter  Creek  section  may  be  Tertiary.  He  is  quite  positive  that 
the  Black  Butte  portion  of  the  section  is  Cretaceous ;  but  this  lies  far  up 
in  the  series. 

Prof.  Cope  is  very  positive  respecting;  the  Cretaceous  age  of  the  Black 
Butte  section,  because  Agathaumus  HylventriB  occurs  there.  Prof.  Marsh 
is  equally  positive  regarding  some  other  localities.  Dr.  Leconte,  Mr. 
Arnold  Hague,  and  myself  have  refen-ed  the  Colorado  beds  to  the  Cre- 
taceous. 
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CONCLUSIONS. 

As  the  Lower  Lignitio  Group  underlies  a  great  mass  of  strata,  coutain- 
ing  abundance  of  Cretaceous  species,  its  geological  i*elations  have  long  been 
regarded  as  definitely  settled.  For  precisely  the  same  reason  there  is  no 
longer  room  for  dispute  respecting  the  Vancouver  beds. 

In  the  matter  of  the  Great  Lignitic  Group  the  evidence  is  not  so  easily 
obtained  as  in  the  other  cases,  nor,  when  obtained,  is  it  so  absolutely 
convincing  as  to  stop  all  discussion.  Looking  over  the  facts  already 
given,  one  finds 

First,  That  the  Cretaceous,  No.  5,  and  the  Great  Lignite  Groups  are 
everywhere  comformable  to  each  other,  and  that  the  latter  is  conformable 
within  itself  and  unconformable  to  the  fully  recognized  Tertiaries  above  it. 
In  an  area  of  many  thousands  of  square  miles,  which  has  been  closely  ex- 
amined in  almost  all  its  parts,  only  two  instances  of  unconformability  be- 
tween the  groups  have  been  recorded,  both  of  which  are  very  local,  while 
one  of  them  is,  to  say  the  least,  of  uncertain  existence. 

Secondly y  That  from  the  beginning  of  Cretaceous,  No.  5,  to  the  close 
of  the  Great  Lignite  Group,  there  was  no  change  in  the  general  condi- 
tions, which  would  be  of  more  than  merely  epochal  value.  The  Upper 
Cretaceous  (No.  5),  is  a  rusty  yellow  sandstone,  usually  concretionary 
when  compact,  which  passes  upward  imperceptibly  into  the  rusty-yellow 
sandstones  at  the  base  of  the  Lignitic  Group,  themselves  more  or  less  con- 
cretionary. Ordinarily  the  gradation  from  one  to  the  other  is  so  perfect 
that  they  cannot  be  separated.  At  few  localities  indeed  is  it  possible  to 
define  any  line  of  separation.  In  Colorado,  the  fossils  of  No.  5  are 
usually  absent  from  the  lower  sandstones,  so  that  the  Lignitic  Group 
appears  to  rest  directly  upon  the  shales  of  the  Middle  Cretaceous.  The 
only  fossils  characteristic  of  No.  5,  ever  obtained  from  Colorad ),  were 
procured  from  rocks,  which  are  most  probably  among  the  very  highest 
strata  or  the  Lignitic  series. 

The  variation  in  character  of  the  strata  above  the  fucoidal  sandstone, 
giving  us  shales,  sandstones,  coal  beds,  and  local  limestones,  is  hardly 
suflieient  to  be  of  even  epochal  value.  The  marine  conditions  remained 
the  same,  for  the  fucoid  Halymenites  major  passes  through  the  series,  and 
the  laud  conditions  could  have  undergone  but  little  change,  for  of  the 
plants,  whose  leaves  occur  in  the  great  sandstone,  many  occur  higher  up 
in  the  group.  The  sandstones  themselves  exhibit  a  very  remarkable  re- 
.<:omblance  to  each  other.  The  changes  in  structure  are  no  greater  or 
more  abrupt  than  those  in  the  Coal  Measures.  It  is  quite  evident  that 
the  relations  of  the  great  sandstone  (in  which  I  include  also  that  portion 
termed  Cretaceous,  No.  5),  to  the  main  series  of  lignites,  is  precisely  the 
same  with  that  held  by  the  Conglomerate  to  the  Coal  Measures.  In  each 
case  the  underlying  mass  contains  thin  beds  of  coal,  and  is  part  of  the  whole 
series,  distinct  yet  not  separate.  No  one  would  think  of  placing  the 
Conglomerate  and  the  Coal  Measures  in  different  periods,  much  less  in 
different  ages. 
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Thirdly y  That  the  conditions  observed  in  the  Great  Lignitic Group,  are 
but  a  repetition  or  continuation  of  those  commonly  observed  in  the  Lower 
Cretaceous  and  less  frequently  in  the  Middle  Cretaceous.  The  sandstones 
of  the  Lower  Cretaceous,  when  unaltered,  can  hardly  be  distinguished 
from  those  of  the  Lignitic  series ;  coal  beds  occur  at  both  horizons ;  while 
on  the  Pacific  Coast  coal  beds  frequently  occur  in  the  Middle  Cretaceous. 

Fourthly,  That  the  fauna  consists  for  the  most  part  of  marine  or 
brackish- water  species.  At  the  base  of  the  series,  in  the  great  sandstone 
(including  Xo.  5),  the  species  are  all  marine ;  among  the  coal  beds  they  are 
usually  brackish-water,  while  at  the  highest  horizon  found  in  Colorado 
and  New  Mexico,  they  are  marine.  Here  and  there  the  fauna  is  a  mixed 
one,  and  at  times,  over  no  inconsiderable  area,  it  consists  solely  of  fresh- 
water forms.  There  would  be  room  for  surprise  were  it  otherwise.  A 
shore  deposit,  such  as  this  must  have  been,  would  be  exposed  to  the  influ- 
ence of  salt  and  brackish  water  alternately.  The  slow  subsidence  might 
be  interrupted  so  as  to  permit  the  silting  up  of  portions  of  the  area, 
where  fresh-water  ponds  of  considerable  extent  might  be  formed. 
Such  evidently  was  the  case  during  the  formation  of  the  Coal  Measures. 
Dr.  Dawson  has  found  a  mixed  fauna  in  the  South  Joggins  Coal  Field,  and 
Mr.  Meek  obtained  shells,  closely  allied  to  PapUj  from  the  upper  coals 
near  Wheeling,  W.  Va.  Unfortunately  our  knowledge  respecting  the 
distribution  of  land  and  fresh-water  forms  during  geological  time  is  so 
limited  that  we  cannot  trace  out  the  history  of  genera  with  any  degree  of 
satisfaction.  No  positive  argument,  bearing  upon  age,  can  be  based 
upon  their  presence  in  any  group  of  rocks. 

Fifthly y  That  the  fauna,  wherever  found,  is  Cretaceous,  or  of  such  a 
character,  as  to  render  it  neutral  testimony,  afifecting  the  issue  neither 
in  one  direction  nor  the  other.  Throughout  a  large  portion  of  the  area 
the  fauna  is  lacking.  That  barren  zones  occur  in  the  Upper  Creta- 
ceous was  observed  years  ago,  by  Dr.  Ilayden,  in  the  Upper  Missouri 
Region.  The  same  is  true  of  it  tliroughout  the  whole  Rocky  Mountain 
Region,  north  from  New  Mexico.  But  we  must  determine  fauna  by  what 
we  have,  not  by  what  we  have  not.  This  we  do  in  the  Coal  Measures,  where 
the  barren  zones  are  quite  as  remarkable  as  those  of  the  Upper  Cretaceous 
in  the  Rocky  Mountain  Region.  In  the  Anthracite  area,  animal  remains 
are  rare ;  in  West  Virginia,  south  from  the  Baltimore  and  Ohio  Railroad, 
where  the  Coal  Measures  are  exposed  to  a  thickness  of  not  far  from  two 
thousand  feet,  there  is  not  a  single  stratum  which  is  fossiliferous  ;  and  in 
the  northern  portion  of  the  Great  Bituminous  Group,  where  the  Coal 
Measures  are  nearly  three  thousand  feet  thick,  there  are  but  two  strata, 
which  persistently  contain  tlie  fauna.  Yet  west  from  the  Cincinnati  axis, 
over  a  vast  area,  animal  remains  occur  profusely  at  numerous  horizons 
in  the  series. 

A  similar  condition  seems  to  have  existed  during  the  formation  of  the 
Lignitic  Group.  Near  the  old  shore  line,  animal  remains  are  rare,  but  as 
we  pass  from  thjit  line,  they  become  more  numerous.    It  should  be  re- 
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membered,  that  at  no  great  distance  from  the  mountains,  this  group  is 
no  longer  within  reaoh,  having  been  removed  by  erosion,  or  buried  under 
later  deposits.  Let  us  lookx  at  the  succession  of  the  whole  series,  Cre- 
taceous and  Lignitic,  in  New  Mexico  and  Colorado  : 

New  Mexico.  Colorado. 

1.  Bright-yellow  to    red  and  gray  1.  Same  as  in  New  Mexico. 

sandstones,  more  or  less  con- 
glomerate and  concretionary, 
with  lignites,  containing 
many  molluskB,  and  Halymen- 
ites  major  throughout. 

2.  Shales,    limestones,    variegated  2.  Same  as  in  New  Mexice. 

marls,  some   of  the   shales 
sandy. 
8.  Bright-yellow  to  gray  sandstones  8.  Same  as  in  New  Mexico, 

with  shales  and  lignites. 

No.  3  is  the  Middle  Cretaceous  representing  Nos.  2,  8,  and  4  of  the 
Upper  Missouri  Group,  while  No.  1  represents  the  Lignitic  Group  and 
Cretaceous  No.  5.  There  is  no  difficulty  in  proving  the  identity  of  the 
two  sections ;  it  is  simply  a  matter  of  tracing.  In  the  New  Mexico 
region.  Dr.  Newberry  found  at  occasional  exposures  many  characteristic 
Cretaceous  species,  while  in  its  uppermost  layers,  Prof.  Cope  found  a 
rich  profusion  of  specimens. 

East  from  the  mountains,  at  rare  localities,  Dr.  Leconte,  in  Colorado, 
and  Dr.  Hayden,  further  north,  have  found  Cretaceous  species  in  the 
lower  portions,  while  in  the  topmost  portions  Mr.  Arnold  Hague  and 
myself  have  found  a  grand  profusion  of  species  characteristic  of  Creta- 
ceous No.  5.  Far  in  the  interior,  Messrs.  Meek  and  Bannister  have 
found  the  undoubted  Cretaceous  forms  at  various  horizons  in  the  series. 

Sixthly^  That  there  is  an  utter  lack  of  any  positive  evidence  to  show 
that  the  series  is  of  later  date  than  the  Cretaceous.  This  statement  may 
seem  strange  in  view  of  Mr.  Lesquereux's  very  emphatic  assertion  that 
the  flora  proves  Tertiary  age  beyond  all  doubt. 

The  reasons  g^ven  in  a  previous  portion  of  this  paper,  are  certainly 
sufficient  to  show  that,  in  our  present  stage  of  knowledge,  the  testi- 
mony of  plants  can  have  no  bearing  upon  the  discussion.  If  a  witness 
be  shown  utterly  unworthy  of  credence  in  an  important  case,  he  cer- 
tainly cannot  be  received  as  trustworthy  in  a  similar  and  equally  import- 
ant case.  Falsus  in  uno,  f alius  in  omnibus.  We  have  seen  already  that 
the  plants  showed  the  Dakota  Group  to  be  Miocene,  and  the  Vancouver 
Coals  to  be  of  the  same  age.  Yet  everybody  concedes  that  their  testi- 
mony was  invalid  in  the  former  instance,  and  everybody,  excepting  Mr. 
Les<iaereux,  concedes  the  same  in  the  latter  case. 

But  Mr.  Lesquereux  points  out  that  the  flpra  of  the  Great  Lignitic 
Group  is  very  different  from  that  of  the  Dakota  Group.  This  is  not  won- 
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derful.  There  would  be  room  for  wonder  if  the  upper  flora  were  not  very 
different  from  the  lower  one,  since  the  length  of  time  represented  by  the 
Middle  Cretaceous  must  have  been  enormous.  Its  rocks  are  limestones, 
fine  shales,  and  very  fine  grained  sandstones.  These  certainly  were  not 
deposited  in  haste.  What  changes  in  the  vegetation  were  going  on 
during  this  great  period,  we  have  no  means  of  ascertaining,  for  not  a 
leaf  remains  to  tell  the  story.  We  know  only  that  great  changes  did 
take  place  during  the  interval,  since  after  its  close  the  forms  are  different 
from  those  prevailing  before  its  beginning.  But  it  is  very  difficult  to  see 
how  this  difference  in  character  is  an  argument  to  show  that  the  rocks 
are  Tertiary  and  not  Cretaceous. 

But  the  plants  of  this  group  are  insufficient  witnesses.  Their  testi- 
mony is  as  bad  as  that  of  the  Dakota  plants.  The  fucoid,  HalymeniUB 
major,  which  Mr.  Lesquereux  does  regard  as  diagnostic  of  the  Tertiary,* 
is  not  a  Tertiary  fossil.  It  is  Cretaceous  or  nothing,  for  whenever  it  is 
associated  with  a  marine  fauna,  whether  in  New  Mexico,  Colorado,  or 
Utah,  that  fauna  is  Cretaceous.  Mr.  Lesquereux  acknowledges  this  as 
satisfactory  evidence  in  one  part  of  the  series— why  not  in  the  other  ? 
The  land  plants  are  in  some  instances  so  eccentric  in  their  range  as  to  be 
of  little  service.  In  the  Rocky  Mountain  region  there  are  found  seven 
species  which  occur  also  at  Nanaimo.  Their  distribution  in  the  Rocky 
Mountain  region  is  as  follows,  according  to  Mr.  Lesquereux  : 

Sequoia  Langsdorfii,  A.  Br.  Lower  Eocene,        Upper  Miocene. 

Salisburia  polymorpha,  Lesqx.«  Upper  Miocene. 

Sahal  Gray  ana,  X^esqx.,  Lower  Eocene. 

Populus  mutabilis,  A.  Br.,  Lower  Eocene. 

Cinnamomum  Heeri,  Lesqx.,  Dakota  Group. 

Andromeda  Grayana,  Lesqx.,  Lower  Eocene,        Upper  Eocene. 

Diospyros  lancifolia,  Lesqx.,  Upper  Eocene. 

So  in  the  Rocky  Mount  un  region  we  find  the  Nanaimo  species  floating 
about  from  the  base  of  the  Cretaceous  to  the  top  of  the  Miocene.  No 
doubt  the  distribution  of  these  species  shows  that  the  Nanaimo  beds  and 
the  Rocky  Mountain  beds  are  on  the  same  horizon,  and  that  they  are  both 
Lower  Eocene  as  Mr.  Lesquei-eux  would  have  us  believe.  If  they  do,  the 
fact  must  be  taken  by  faith  and  not  by  sense. 

As  already  stated,  the  occuri'ence  of  fresh-water  shells  or  of  land  shells 
in  any  portion  of  the  group  is  not  satisfactory  evidence,  either  for. or 
against  the  Cretaceous  or  Tertiary  age  of  the  deposit. 

In  view  of  these  facts, 

1st.  That  the  series  above  Cretaceous  No.  4,  to  the  top  of  the  Great 
Lignite  Group,  is  conformable  within  itself  throughout, 

2d.  That  no  change  of  importance  occurred  in  the  general  conditions 
during  the  formation  of  this  series, 

*  See  hl8  remarks  on  **  Ooalvillo  **  in  Haydon*8  Report  for  1872.  p.  — . 
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3d.  That  the  Cretaceous  from  the  beginning  was  a  lignite>producing 
period, 

4th.  That  the  fauna,  wheneyer  of  a  character  to  be  compared  with 
known  standards  is  Cretaceous,  even  to  the  top  of  the  series, 

5th.  That  the  hypothesis  that  this  group  or  any  portion  of  it  is  Ter- 
tiary is  unsupported  by  definite  evidence, 

I  am  compelled  to  regard  the  Great  Lignitic  Group  as  Cretaceous, 
simply  a  renewal  of  the  conditions  marking  the  period  of  the  Dakota 
Group. 

ON    THE    REMAINS    OF    POPULATION    OBSERVED    ON    AND 
NEAR  THE  EOCENE  PLATEAU  OF  NORTH- 
WESTERN NEW  MEXICO. 
By  E.  D.  Copk. 
{Read  before  the  American  Philosophical  Society ^  June  18,  1875.) 

While  encamped  on  the  Gallinas  Creek,  at  the  point  where  it  issues 
from  the  Sierra  Madre,  with  the  party  detailed  by  Lieut.  Wheeler  for 
purposes  of  geological  exploration,  I  occupied  intervals  of  time  in  the 
examination  of  the  traces  left  by  the  former  inhabitants  of  this  portion 
of  New  Mexico. 

Had  time  permitted,  the  exploration  of  these  remains  might  have  been 
much  extended,  but  under  the  circumstances  a  mere  beginning  was  made. 
The  observations  show  that  the  country  of  the  Gallinas,  and  the  Eocene 
plateau  to  the  west  of  it,  were  once  occupied  by  a  numerous  population. 
Now,  there  are  no  human  residents  in  the  region,  and  it  is  only  traversed 
by  bands  of  the  Apache,  Navajoe,  and  Ute  Tribes  of  Indians.  The  in- 
dications of  this  ancient  population  consist  of  ruined  buildings,  pottery, 
flint  implements,  and  human  bones.  Broken  vessels  of  baked  clay  aie 
frequently  found,  and  the  fragments  occur  in  all  kinds  of  situations 
throughout  the  country.  They  are  usually  most  easily  discovered  on  the 
slopes  of  the  hills  and  hog-backs  of  Cretaceous  and  Tertiary  age,  and 
where  abundant,  generally  lead  to  a  ruined  building  standing  on  the 
elevation  alone. 

The  hog-  back  ridges  which  I  have  described  in  my  geological  report, 
extend  in  a  general  north  and  south  direction  on  the  western  side  of  the 
Sierra  Madre,  south  of  Tierra  Amarilla.  They  vary  from  two  to  four  in 
number,  and  stand  at  distances  of  fronf  half  a  mile  to  three  miles  from 
the  mountain  range.  The  Gallinas  Creek  flows  between  two  of  them 
near  their  southern  extremities  for  perhaps  fifteen  miles.  At  one  point 
the  hog-backs  of  Cretaceous  Nos.  8  and  4  approach  near  together, 
and  the  creek  flows  near  to  the  foot  of  the  eastern  front  or  escarpment  of 
No.  3.  The  rock  of  this  ledge  is  a  hard  sandstone,  and  resists 
erosion  hence  its  outcrop  forms  continuous  sharp  ridges,  with  distant 
interruptions,  which  are  termed  by  the  Mexicans  the  Cuchillas  or  Cris- 
tones.  The  hog-back  of  No.  4,  being  composed  of  softer  material,  is 
worn  by  erosion  into  a  succession  of  sub-conical  eminences. 

A.  p.  S. — VOL.  XIV.  3j 


Cope.]  4^6  [June  la, 

My  attention  was  first  called  to  the  arcbseology  of  the  region  by 
observing  that  the  conic  hills  just  mentioned,  appeared  to  be  in  many 
instances  ci*owned  with  stone  structares,  which  on  examination  proved 
to  be  ruined  buildings.  These  are  round,  or  square,  w^ith  rounded  angles 
and  from  fifteen  to  twenty-five  feet  in  diameter,  and  composed  of  stones 
of  moderate  size,  which  have  been  roughly  dressed  or  built  without 
dressing  into  solid  but  not  very  closely  fitting  masonry.  The  walls  re- 
maining measure  from  ten  feet  high  downwards.  The  floor  inside  is 
•basin-shaped,  or  like  a  shallow  bird's-nest,  and  frequently  supports  a 
growth  of  sage-brush  {Artemisia)  of  the  same  size  and  character  as  that 
growing  on  the  plains  below,  and  other  shrubs.  Sometimes  they  con- 
tain piilon  trees  {Pinus  cemhroiden)  of  one  and  two  feet  in  diameter, 
which  is  the  average  and  full  size  to  which  they  grow  on  the  adjacent 
ridges  and  plateaus.  Within  and  about  them,  fragments  of  pottery 
abound,  while  flint  implements  are  less  common.  As  these  are  similar  in 
all  the  localities  examined,  they  will  be  subsequently  described.  A  build- 
ing more  or  less  exactly  agreeing  with  this  description,  was  found  on  the 
summit  of  every  hill  of  a  conical  form  in  the  vicinity.  Their  form  is 
probably  due  to  the  shape  of  the  hill,  as  they  were  differently  built  on 
the  level  hog-backs.  None  of  the  circular  buildings  were  found  to  be 
divided,  nor  were  any  traces  of  such  buildings  observed  on  lower 
grounds. 

The  hog-back  of  Cretaceous  No.  3  i««,  at  the  locality  in  question,  only 
one  or  two  hundred  yards  distant  from  the  eastern  crest  of  the  hills  just  * 
described,  from  which  it  is  separated  stratigraphically  by  a  bed  of  lignite. 
At  some  points  this  stratum  has  been  removed  by  atmospheric  erosion, 
leaving  a  ravine  between  the  hog-backs.  Near  the  middle  of  a  section 
of  the  hog-back  of  No.  3,  a  portion  of  this  formation  remains,  form- 
ing a  narrow  causeway,  connecting  it  with  the  ridge  just  behind  it.  The 
eastern  face  is  a  perpendicular  wall  of  sandstone  rock,  of  about  three 
hundred  feet  in  elevation  ;  the  western  face  is  the  true  surface  of  the 
stratum,  which  here  dips  about  45^  to  550  ^est  by  north.  The  top  of 
the  ridge  varies  in  width  from  four  to  eleven  feet. 

In  riding  past  the  foot  of  the  precipice,  I  observed  what  appeared  to 
be  stone  walls  crowning  its  summit.  Examination  of  the  ridge  disclosed 
the  fact  that  a  village  forming  a  single  line  of  thirty-two  houses  extended 
along  its  narrow  crest,  twenty-two  of  them  being  south  of  the  causeway 
and  ten  north  of  it.  The  most  southern  in  situation  is  at  some  distance 
from  the  southern  extremity  of  the  hog-back.  I  selected  it  as  a  position 
from  which  to  sketch  the  country  to  the  south  and  west ;  see  figures  16 
and  17  of  the  geological  report.  It  is  built  on  the  western  slope  of  the 
rock  ;  a  wall  of  twelve  feet  in  height  supporting  it  on  that  side,  while 
the  narrow  ledge  foiming  the  summit  of  the  ridge  is  its  back  wall.  It  is 
square,  3.355  metres  on  a  side,  and  has  a  floor  leveled  with  earth  and 
stones.  Two  stout  cedar  posts  probably  once  supported  the  roof ;  their 
stumps  remain  well  cracked  and  weathered.  Hushes  of  sage,  similar  in 
size  to  that  of  the  surrounding  plain,  are  growing  within  the  walls.  The 
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second  house  is  immediately  adjoining,  and  is  surrounded  by  an  inde- 
pendent wall,  that  on  the  lower  side  of  the  ridge  being  still  twelve  feet 
in  height.  The  length  of  the  enclosure  is  4.69  metres,  and  the  width 
2.G8  metres  ;  full  sized  scrub-oak  and  sage-brash  are  growing  in  it.  The 
stumps  of  two  cedar  posts  remain,  one  five,  the  other  eight  inches  in 
diameter.  The  third  house  adjoins  No.  2,  but  is  surrounded  by  a  dis- 
tinct wall,  except  at  the  back  or  side  next  the  precipice,  where  a  ledge  of 
rock,  completes  the  enclosure.  The  latter  is  4.02  metres  long ;  it  con- 
tains  a  scrub-oak  of  three  inches  diameter,  which  is  an  average  size  for 
the  tree. 

Beyond  thes^  ruins  is  an  interval  of  sixty-nine  metres,  where  the  sum- 
mit of  the  rock  is  narrow  and  smooth,  and  the  dip  on  the  west  side  5.5^. 
The  walls  of  an  oval  building  follow  (fig.  1),  which  enclose  a  space  of 

4.69  metres.  They  are  two  to  two  and  a-half  feet  in  thickness  and  stand 
eight  feet  high  on  the  western  side ;  the  eastern  wall  stands  on  the  f^heer 
edge  of  the  precipice.  A  building  adjoins,  with  the  dividing  wall  com- 
mon to  the  preceding  house.  Its  cast  and  west  waUs  stand  on  parallel 
ledges  of  the  sandstone  strata,  whose  strike  does  not  exactly  coincide 
with  the  axis  of  the  hog-back.  Diameter  of  this  enclosure  5.37  metres. 
A  space  of  15.4  metres  follows  with  precipices  on  both  sides  when  we 
reach  house  No.  6.  The  eastern  wall  stands  five  feet  high  on  the  sum- 
mit of  the  precipice,  from  which  a  stone  might  be  dropped  to  the  ground 
perhaps  three  hundred  and  fifty  feet  below,  only  eight  feet  of  the  western 
wall  remained  at  the  time  of  my  examination.  The  enclosure  is  6.04 
metres  long,  and  not  quite  so  wide,  and  is  divided  transversely  by  a  wall 
which  cuts  off  less  than  one-third  the  length  of  the  apartment.  In  one 
of  the  opposite  corners  of  the  larger  room  is  the  stump  of  a  c  dar  post 
five  inches  in  diameter.  This  house  can  only  be  i*eached  by  climbing 
over  narrow  ledges  and  steep  faces  of  rock.  House  No.  7,  follows 
an  interval  of  42.30  metres.  Its  foundation  wall  encloses  an  irregular 
square  space  4.70  metres  long  and  3.09  metres  wide  ;  it  is  eleven  feet 
high  on  the  western  side,  and  very  regularly  built,  and  well  preserved  ; 
on  the  east  side  it  is  eight  feet  high,  and  is  interrupted  by  a  doorway  of 
regular  form.  From  this  a  narrow  fissure  offers  a  precarious  hold  for 
descent  for  a  considerable  distance  down  the  face  of  the  precipice,  but 
whether  passable  to  the  bottom  I  could  not  asccitain. 

The  crest  of  the  ridge  is  without  houses  for  52.34  metres  further ; 
then  a  building  follows  whose  enclosed  space  is  an  irregular  circle  of 

4.70  metres  diameter.  A  transverse  summit- ledge  forms  its  southern 
wall,  but  the  remaining  portion  is  remarkably  massive,  measuring  three 
feet  in  thickness.  Its  western  wall  is  twelve  feet  high ,  and  contains  many 
huge  stones,  which  four  or  five  men  could  not  lift  unaided  by  machinery. 

Several  scrub-oaks,  of  three  inches  in  diameter  grow  in  this  chamber, 
and  stumps  of  the  cedar  posts  that  supported  the  roof  remain.  Here 
follows  a  row  of  ten  similar  piined  houses,  measuring  from  3.35  to  G.24 
metres  in  length.  Of  these,  No.  13  is  remarkable  for  containing 
a  scrub-oak  of  thirteen   inches  in  diameter,  the  largest  that   I  have 
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seen  in  the  country,  and  the  species  is  an  abundant  one.  In  No. 
14,  the  remaining  part  of  the  western  wall  is  fifteen  feet  in  height. 
There  was  a  good  deal  of  pottery  lying  on  the  western  slope  of  the  rock, 
but  of  ilint  implements  and  chips,  I  found  but  few.  All  of  these  ruins 
contain  full-grown  sage-bushes.  No.  18  is  the  largest  ruin ;  the 
length  of  its  enclosure  is  8.G2  metres,  and  the  width  6.71  metres;  its 
west  wall  is  six  feet  high ;  the  fioor  is  overgrown  with  sage  of  the 
largest  size.  This  building  stood  51  metres  from  No.  17 ;  12.80  metres 
northward,  the  ridge  descends  slightly  to  the  level  of  the  causeway 
already  mentioned.  Here  are  five  more  ruined  buildings  of  the  same 
average  size  as  the  others,  interrupted  by  but  one  short  interval. 

From  this  depression,  that  part  of  the  hog-back  which  is  north  of  the 
causeway  rises  abruptly  in  a  perpendicular  face.  It  is  composed  princi- 
pally of  two  layers  of  the  sandstone  dipping  at  450W.  which  are  separa- 
ted by  a  deep  cavity  from  a  point  fifteen  feet  from  the  base  upwards. 
This  niche  has  been  appropriated  for  a  habitation,  for  it  is  walled  across 
to  a  height  of  six  feet  from  its  base.  The  foot  of  the  wall  is  quite  in- 
accessible, but  by  climbing  round  the  eastern  face  of  the  precipice,  a 
ledge  is  found  at  the  base  of  the  projecting  stratum  which  forms  the  east 
wall  of  the  enclosure.  This  was  scaled  by  means  of  a  staircase  of  stones, 
a  number  of  which  were  in  position  at  the  time  of  my  visit.  The  re- 
maining portion  of  the  hog-back  is  elevated  and  smooth,  and  the  founda- 
tion stones  only  of  several  houses  remain.  One  of  these  contains  two 
stout  posts  of  which  four  feet  remain  above  ground ;  the  last  is  near  the 
«nd  of  the  ridge,  and  is  bounded  by  a  wall  of  ten  feet  in  height  which 
forms  its  western  side. 

The  walls  of  these  houses  are  built  with  a  mortar  of  mud,  mixed  in 
many  cases  at  least  with  ashes,  juoging  from  the  abundant  specks  of 
charcoal  which  it  contains.  It  is  not  of  good  quality,  and  has  weathered 
much  from  between  the  stones.  I  could  not  discover  any  indication  of 
burning  of  the  houses  by  fire,  either  on  the  stones  or  the  cedar  posts.  The 
latter  doubtless  lost,  by  weathering,  such  indicUions  had  they  existed, 
and  the  combustion  of  the  entire  contents  of  such  small  edifices  coald 
have  afiected  their  stone  walls  but  little.  I  found  no  remains  of  bones  of 
animals  or  men  about  them. 

This  town  I  called  Cri«>.tone.  The  same  hog-back  recommences  a  little 
more  than  a  mile  to  the  north,  rising  to  a  greater  elevation,  say  six  or 
seven  hundred  feet  above  the  valley.  The  east  side  is  perpendicular, 
while  the  dip  of  the  west  side  is  GO^,  and  sometimes  even  a  higher 
angle.  On  this  almost  inaccessible  crest,  I  could  see  from  the  val- 
ley the  walls  of  ruined  stone  buildings  such  as  I  have  described,  but 
unfortunately  my  limited  time  prevented  me  from  makifig  a  detailed 
examination  of  them.  In  the  opposite  direction,  I  observed  a  similar 
ruin  on  an  outlying  hill  adjacent  to  the  southern  portion  of  the  southern 
hog-back.  This  one  is  of  larger  size  than  any  of  the  others  ;  but  I  was 
unable  to  visit  it. 

The  position  of  these  buildings  is  susceptible  of  the  same  explanation 
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as  that  of  the  still  inhabited  Moquis  villages  of  Arizona,  so  interestingly 
described  by  Lieutenant  Ives  in  his  report  on  his  survey  of  the  Rio  Colo- 
rado of  the  West,  and  of  the  route  from  its  cailon  to  Sante  Fe.  They 
were  doubtless  perched  on  these  high  eminences  for  purposes  of  defense, 
and  they  were  conveniently  located  near  a  perennial  stream,  which  per- 
mitted them  to  carry  on  a  system  of  agriculture,  no  doubt  similar  to  that 
now  practiced  by  the  Moquis.  The  inhabitants  of  Cristone  felt,  how- 
ever, one  disadvantage  not  known  to  the  Moquis ;  they  were,  so  far  as 
pi*esent  indications  go,  without  water  on  their  elevated  rocks,  but  were 
dependent  for  their  supply  on  the  Gallinas  Creek.  I  found  no  indications 
of  cisterns  which  should  furnish  such  supply  in  time  of  siege,  although 
they  doubtless  could  depend  for  a  considerable  length  of  time  on  rain- 
water which  they  cauRht  and  preserved  in  the  many  vesseld  of  pottery 
whose  fragments  are  now  so  numerous  about  the  ruins. 

At  this  point  the  bluffs  of  the  Eocene  bad-lands  are  from  nine  to  ten 
miles  from  the  Qallinas  Creek.  Here  also  the  slopes  are  in  places  covered 
with  broken  pottery,  and  on  the  summit  of  some  cf  the  less  elevated 
buttes,  circular  walls  indicate  the  former  existence  of  buildings  similar 
to  those  crowning  the  conical  hills  along  the  creek.  The  latter  contains 
the  nearest  water  to  these  ruins.  In  o<her  localities  ruined  stone  build- 
ings occupy  the  flat  summits  of  mesa  hills  of  the  bad-lands,  often  in  very 
elevated  and  well-defended  positions.  It  was  a  common  case  that  the  ero- 
sion of  the  faces  of  these  blu£fs  had  undermined  the  foundation  of  the 
houses,  so  that  their  wall  stones,  with  the  posts  were  mingled  with  the  pot- 
tery on  the  talus  below.  At  one  point,  foundation  walls  stand  on  an  isth- 
mus connecting  a  butte  with  the  mesa,  of  which  a  width  of  twenty  feet 
remains,  but  which  is  furrowed  with  water  channels.  Here  Eocene  fossils 
and  crockery,  including  a  narrow-necked  jug,  were  confusedly  mixed 
together.  At  another  point  the  narrow  summit  of  a  butte  of  nearly  two 
hundred  feet  elevation  is  covered  with  remnants  of  stone  buildings 
which  extend  for  a  length  of  two  hundred  yards.  The  greater  part  of 
them  had  been  undermined,  and  the  stones  were  lying  in  quantities  on 
talus  at  the  time  of  my  visit.  At  one  end  of  the  line,  the  bases  of  two 
rectangular  walls,  perhaps  of  towers,  appeared  to  have  been  placed  as 
supports  to  the  terrace.  Very  dry  cedar  po)ts  occur  among  the  ruin?, 
and  three  such,  standing  upright  on  the  summit  of  the  butte,  mark  a  spot 
as  yet  unaffected  by  the  disintegration  of  the  cliff.  In  another  portion  of 
the  ruins,  a  row  of  large  earthenware  pots  was  found  buried  in  the  earth; 
the  slow  moving  change  of  level  of  the  marl  had  already  fractured 
them.  At  another  locality  I  took  from  a  confused  mass  of  ruins,  the  tem- 
poral bone  of  an  adult  person,  the  ilium  of  a  child,  ribs  and  other  bones. 
At  a  remote  portion  of  the  ruins  on  a  remaining  ledge,  I  found  a  square 
enclosure  formed  of  stones  set  on  edge,  three  stones  forming  each  half  of 
the  enclosure.  I  excavated  this  for  the  depth  of  a  foot,  without  finding  any 
indication  of  its  use.  In  some  of  these  localities,  I  found  chips,  arrow- 
heads, and  thin  knives  of  chalcedony,  with  similar  implements  of  obsi- 
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clian.  The  obsidian  knives  are  similar  to  those  which  I  have  seen  as 
commonly  found  in  Mexico. 

At  the  head  of  the  Caiioncita  das  Heguas  there  are  numerous  low 
hills  of  the  Eocene  marl,  covered  with  piilon  forests  of  adult  trees.  On  a 
low  slope  of  one  of  these,  I  found  the  burial  place  of  one  of  the  inhabit- 
ants, as  indicated  by  his  bones,  and  trinkets  doubtless  buried  with  him. 
Ilis  tibia  was  a  marked  example  of  the  platycnemic  type.  Close  to  them 
were  some  good  quartz  crystals,  of  course  intruded  in  such  a  formation, 
a  pif  ce  of  chalchuttly  an  apparently  transported  scaphite,  some  implements 
of  obsidian,  flint,  etc.,  and  a  single  perfect  lower  molar  of  a  large  mam- 
mal of  the  genus  Bathmodon,  attached  to  a  piece  of  the  jaw,  which  looked 
as  though  the  ancient  proprietor  had  not  been  ignorant  of  the  peculiar 
products  of  the  neighboring  bluffs. 

In  traversing  the  high  and  dry  Eocene  plateau  west  of  the  bad-land 
bluffs,  I  noticed  the  occurrence  of  crockery  on  the  denuded  hills  for  a 
distance  of  many  miles.  Some  of  these  localities  are  fifteen  and  twenty 
miles  from  the  edge  of  the  plateau,  and  at  least  twenty-five  miles  from 
the  Gallinas  Creek,  the  neai*est  permanent  water.  In  some  of  these 
localities  the  summits  of  the  hills  had  been  eroded  ta  a  narrow  keel, 
destroying  the  foundations  of  the  former  buildings. 

In  no  locality  did  I  observe  inscriptions  on  the  rocks  or  other  objects, 
which  were  probably  the  work  of  the  builders  of  these  stone  towers  ;  but 
I  give  a  coi)y  of  figures  which  I  found  on  the  side  of  a  ravine  near  to 
Abiquiu,  on  the  river  Chama.  They  are  cut  in  Jurassic  sandstone  of 
medium  hardness,  and  are  quite  worn,  and  overgrown  with  the  small 
lichen  which  is  abundant  on  the  face  of  the  rock.  I  know  nothing  re- 
specting their  origin. 

It  is  evident  that  the  region  of  the  Gallinas  was  once  as  thickly  inhab- 
ited as  are  now  the  more  densely  populated  portions  of  the  Eastern  States. 
The  number  of  buildings  in  a  square  mile  of  that  region,  is  equal  to,  if 
not  greater  than  the  numl>er  now  existing  in  the  more  densely  populated 
rural  districts  of  Pennsylvania  and  New  Jersey.  Whether  this  is  the 
case  to  the  south  and  west,  I  do  not  know,  as  I  was  unable  to  devote  the 
ntce^sary  time  to  the  examination.  I  found,  however,  that  without  in- 
vestigation, it  is  very  easy  to  jmss  the  ruins  by  unnoticed,  since  their  ele- 
vated position,  ruinous  condition,  and  concealment  by  vegetation,  ren- 
der them  almost  invisible  to  the  passing  traveler.  In  general,  I  may  say 
that  the  number  of  ruins  I  found,  was  in  direct  proportion  to  the  atten- 
tion I  gave  the  matter  ;  where  I  looked  for  them  I  invariably  found  them 
in  suitable  situations. 

Perhaps  the  most  remarkable  fact  in  connection  with  these  ruins  is 
the  remoteness  of  a  large  proportion  of  them  from  water.  They  ocoar 
everywhere  in  the  bad-lands  to  a  distance  of  twenty-five  miles  from  any 
terrestrial  source  of  supply.  The  climatic  character  of  the  country  then 
has  either  undergone  material  change,  or  the  mode  of  securing  and  pre- 
serving a  supply  of  water  employed  by  these  people,  differed  from  any 
known  to  us  at  the  present  time.    I  found  no  traces  of  cisterns,  and  the 
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only  water  holders  observed  were  the  earthenware  pots  buried  in  the 
ground,  which  did  not  exceed  eighteen  inches  in  diameter.  There  is, 
however,  no  doubt  that  these  people  manufactured  great  numbers  of 
these  narrow-necked  globular  vessels,  whose  principal  use  must  have 
been  the  holding  of  fluids,  and  chiefly  of  water.  Nevertheless,  it  is 
scarcely  conceivable  that  the  inhabitants  of  the  houses  now  so  remote 
from  water,  could  have  subsisted  under  the  present  conditions.  Pro- 
fessor Newberry  (Ives*  Report)  is  of  the  opinion  that  a  diminution  in  the 
amount  of  rain-fall  over  this  region  has  taken  place  at  no  very  remote 
period  in  the  past,  and  cites  the  death  of  forests  of  pine  trees  which  still 
stand,  as  probably  due  to  increasing  drought.  It  is  of  course  evident, 
that  erosive  agencies  were  once  much  more  active  in  these  regions  than 
at  present,  as  the  numerous  and  vast  caAons  testify,  but  that  any  change 
sufficient  to  affect  this  process  should  have  occurred  in  the  human  period, 
seems  highly  improbable.  In  other  words,  the  process  of  cutting  cati- 
ons of  such  depth  in  rocks  of  such  hardness  is  so  slow,  that  its  early 
stages  which  were  a^ociated  with  a  different  distribution  of  surface 
water  supply,  must  have  far  antedated  the  human  period. 

Nevertheless,  if  we  yield  to  the  supposition  that  during  the  period  of 
residence  of  the  ancient  inhabitants  the  water  supply  from  rains  was 
greater  than  now,  what  evidence  do  we  possess  which  bears  on  the  age  of 
that  period  ?  There  is  no  difference  between  the  vegetation  found  grow- 
ing in  these  buildings,  and  that  of  the  surrounding  hills  and  valleys ; 
the  pines  and  sage-brush  are  of  the  same  size,  and  to  all  appearances  of 
the  same  age.  I  should  suppose  them  to  be  contemporary  in  every  re- 
spect. In  the  next  place,  the  bad-lands  have  undergone  a  definite  amount 
of  atmospheric  erosion  since  the  occupancy  of  the  houses  which  stand 
on  their  summits.  The  rate  of  this  erosion  under  present  atmospheric 
influences  is  undoubtedly  very  slow.  The  only  means  which  suggested 
itself  as  available  at  the  time,  was  the  calculation  of  the  age  of  pine 
trees  which  grow  near  the  base  of  the  bluffs.  These  have,  of  course, 
attained  their  present  size  since  the  removal  of  the  front  of  the  stratum 
from  the  position  which  the  trees  now  occupy,  so  that  the  age  of  the 
latter  represents  at  least  the  time  required  for  the  erosion  to  have  re- 
moved the  bluff  to  its  present  position.  But  how  much  time  elapsed 
between  the  uncovering  of  the  position  now  occupied  by  the  tree  and  its 
germination,  there  is,  of  course,  no  means  of  ascertaining.  My  assistant, 
an  educated  and  exact  man,  counted  the  rings  in  a  cut  he  made  into  the 
side  of  a  pifion  (Pinus  cembroidesi)  whieh  stood  at  a  distance  of  forty 
feet  from  a  bluff,  not  far  from  a  locality  of  ruins.  In  a  quarter  of  an 
inch  of  solid  wood  he  found  sixteen  concentric  layers,  or  sixty  four  to  an 
inch.  The  tree  was  probably  twenty  inches  in  diameter,  which  gives 
six  hundred  and  forty  annual  growths.  The  pifton  is  a  small  species, 
hence  the  closeness  of  the  rings  in  an  old  tree. 

At  present  it  is  only  possible  to  speculate  on  the  history  of  the  builders 
of  these  houses,  and  the  date  of  their  extinction.  The  tribes  of  Indians 
at  present  inhabiting  the  region  at  irregular  intervals,  can  give  no  account 
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of  them .  But  it  is  not  necessary  to  suppose  that  the  iiiin  of  this  popula- 
tion occurred  at  a  very  remote  past.  On  the  Rio  Chaco,  not  more  than 
thirty  miles  from  the  Alto  dos  Utahs,  are  the  ruins  of  the  seven  cities  of 
Cibolla,  the  largest  of  which  is  called  Hungo  Pavie.  These  have  been 
described  by  General  Simpson,*  who  shows  that  each  of  the  towns  con- 
sisted of  a  huge  communal  house,  which  could  have  accommodated  from 
1500  to  3000  persons.  Their  character  appears  to  have  been  similar  to 
that  of  the  existing  Moqui  villages.  The  ** cities  of  Cibolla"  were 
visited  by  the  marauding  expedition  of  Coronado,  in  1540,  which  captured 
them  to  add  to  the  vice-royalty  of  Mexico.  In  his  letter  to  Mendoza,  the 
viceroy,  Coronado,  states  that  the  inhabitants  on  the  fourth  day  after  the 
capture  ^' set  in  order  all  their  goods  and  substance,  their  women  and 
childixin,  and  tied  to  the  hills,  leaving  their  town  as  it  were  abandoned, 
wherein  remained  very  few  of  them."  There  can  be  no  doubt  that  the 
Eocene  plateau  and  hog-backs  of  the  Gallinas  offer  hills  of  the  greatest 
elevation  in  the  entire  region,  and  it  is  highly  probable  if  the  account 
quoted  be  correct,  that  some  at  least  of  the  exiled  CiboUians  found  a 
refuge  in  this  region,  and  may  have  been  the  builders  of  Cristone.  This 
would  place  the  age  of  the  ruins  described,  at  three  hundred  and  thirty- 
ilve  years.  Of  course,  it  is  possible  that  they  represent  villages  con- 
temporary with  and  tributary  to  the  seven  cities. 

The  inhabitants  of  the  rock- houses  of  the  Gallinas,  necessarily 
abandoned  the  communal  type  of  building  generally  employed  by  their 
race,  and  appear  only  to  have  considered  the  capacities  of  their  dwellings 
for  defense.  Yet  the  i)erils  of  life  in  Cristone,  due  to  the  location  alone, 
must  have  been  considerable.  Infant  sports  must  have  been  restricted  to 
within  doors,  and  cool  heads  were  requisite  in  adults  to  avoid  the  fatal 
consequences  of  a  slip  or  fall.  Intoxication  must  have  been  rare  in 
Cristone.  There  is  no  trace  of  metal  in  any  of  the  ruins  of  the  Gallinas, 
and  it  is  evident  that  the  inhabitants  were  acquainted  with  the  use  of 
stone  implements  only,  as  was  the  case  with  the  builders  of  Central 
America.  I  have  already  alluded  to  their  pottery.  It  is  usually  of  a 
bluish-ash  color,  but  is  occasionally  black,  brown,  and  more  rarely  red. 
It  is  never  glazed,  but  the  more  common  kind  is  nicely  smoothed  so  as  to 
reflect  a  little  light.  This  pottery  is  ornamented  with  figures  in  black  paint, 
which  arc  in  lines  decussating  or  at  right  angles,  or  enclosing  triangular 
or  square  spaces ;  sometimes  colored  and  uucolored  angular  areas  form  a 
checker-board  pattern.  The  coarser  kinds  exhibit  sculpture  of  the  clay 
instead  of  painting.  The  surface  is  thrown  into  lines  of  alternating  pro- 
jections and  pits,  by  the  use  of  an  obtuse  stick,  or  the  finger  nail ;  or  it 
is  thrown  into  imbricating  layers  by  cutting  obliquely  with  a  sharp  flint 
knife.  Thus  the  patterns  of  the  ornamentation  were  varied  according  to  the 
taste  of  the  manufacturer,  although  the  facilities  at  their  disposal  were  few. 

With  these  observations,  I  close  this  sketch  of  a  glimpse  at  one 
locality  of  the  earliest  civilization  known  on  the  American  continent. 

*  ReiM)rt  of  St.  Jas.  II.  Sinq»f?on,  of  an  cxpcilltlon  In  the  Navajoe  Country  in  1M9.  Ex. 
Due.  1st  Sees.  3l8t  Cou)(rc88. 
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{Read  before  the  American  Philosophical  Society ,  August  20,  1875.) 


Chapter  L. 
oeneraiaethnological  notes. 

The  Indians  of  Costa  Rica,  with  the  hardly  piobable  exception  of  the 
Giiatusoa,  all  belong  to  one  closely  allied  family.  I  only  make  this  possi- 
ble exception  in  deference  to  the  almost  absolute  ignorance  which  yet 
exists  in  regard  to  this  isolated  tribe. 

Before  entering  on  the  consideration  of  the  better  known  peoples  of  the 
southern  part  of  the  Republic,  it  may  be  as  well  to  make  a  brief  summary 
of  what  is  known  of  the  Guatusos  up  to  the  present  time.  They  occupy 
a  part  of  the  broad  plains  north  and  east  of  the  high  volcanic  chain  of 
North-Western  Costa  Rica,  andsouthof  the  great  lake  of  Nicaragua,  espe- 
cially about  the  head  waters  of  the  Rio  Frio.  I  have  fortunately  fallen  in 
with  various  persons  who  have  entered  their  country,  and  who  have  had  an 
opportunity  of  seeing  the  people  and  their  mode  of  life.  The  stories  of 
some  are  so  evidently  exaggerated  that  I  shall  suppress  them ;  but  by 
carefully  sifting  the  evidence  and  giving  a  due  preponderance  to  the  testi- 
mony of  those  whom  I  consider  most  reliable,  I  have  arrived  at  the  fol- 
lowing results. 

Thomas  Belt,  the  author  of  ''The  Naturalist  in  Nicaragua,"  says  he 
has  seen  of  them,  five  children  and  one  large  boy,  ''and  they  all  had  the 
common  Indian  features  and  hair  \  though  it  struck  me  that  they  ap- 
peared rather  more  intelligent  than  the  generality  of  Indians."  He  also 
says  that  "one  little  child  that  Dr.  Seeman  and  I  saw  in  San  Carlos  in 
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1870,  had  a  few  brownish  hairs  among  the  great  mass  of  black  ones ;  but 
this  character  may  be  found  among  many  of  the  indigenes,  and  may  result 
from  a  very  slight  admixture  of  foreign  blood."  All  the  persons  with 
whom  I  have  conversed  assert  that  the  name  Guatuso,  as  applied  to  the 
tribe,  is  given  on  account  of  a  reddish  or  brown  tint  of  their  hair,  resem- 
bling the  little  animal  of  that  name  (the  Agouti).  This  is  also  denied  bj 
Mr.  Belt,  \vho  says  that  the  names  of  animals  are  often  applied  to  Indian 
tribes  by  their  neighbors,  to  distinguish  them.  Allowing  full  weight  to 
this  opinion,  supported  by  analogy  as  it  is  in  North  America,  (0.  g. 
Snakes,)  I  do  not  think  it  fully  warranted  in  this  case. 

Of  half  a  dozen  persons  with  whom  I  have  conversed  ;  people  who  have 
been  on  the  upper  Rio  Frio,  all,  with  one  exception,  distinctly  assert  that 
they  have  seen  people  of  light  color  and  with  comparatively  light  hair 
among  them.  One  person  went  so  far  as  to  assert,  that  in  a  fracas  in 
which  he  nearly  lost  his  life,  his  most  valiant  and  dangerous  opponent 
was  a  young  woman,  a  mere  girl,  "as  white  as  an  Englishwoman,"  (tan 
rubia  coino  una  Inglesa).  Another,  who  had  a  more  peaceful  opportunity 
of  seeing  a  party  of  two  or  three  women,  himself  unseen,  used  the  same 
words  iu  describing  one  of  them.  I  believe,  however,  that  these  were  ex- 
aggei*atious.  Still  another  person  told  me  that  they  were  of  all  shades 
' '  from  a  rather  light  Indian  color,  to  nearly  white,  the  same  as  our- 
selves" (referring  to  the  varying  shades  in  the  mixed  blood  of  the  Costa 
Rican  peasanti-y).  However,  in  an  interesting  conversation  with  Don 
Tomas  Guardia,  President  of  Costa  Rici,  I  learned  that  when,  some  years 
ago,  he  headed  a  party  passiog  through  their  country  for  military  purposes, 
they  encountered  one  or  more  bodies  of  these  people  and  had  some 
skirmishes  with  them.  He  says  they  are  ordinarily  of  the  color  of  other 
Indians,  although  rare  exceptions  exist,  of  individuals  markedly  lighter 
than  the  others,  and  really  possessing  a  comparatively  white  skin  and 
brownish  or  reddish  hair.  This  is  in  keeping  with  the  st«atements  made 
to  me  by  others  whom  I '  consider  reUable,  and  must,  I  think,  in  defer- 
ence to  the  authors  be  taken  as  final. 

The  origin  of  light  complexions  among  an  isolated  tribe  of  Indians  has, 
of  course,  been  the  source  of  much  speculation,  but  General  Guardia,  and 
Don  Raf<iel  Acosta,  an  intelligent  gentleman  of  San  Ramon,  not  far  from 
the  borders  of  the  Guatuso  country,  both  suggested  to  me,  independently, 
the  same  theory.  They  claim  that  when,  a  couple  of  centuries  ago,  the 
town  of  Esparza  was  sacked  by  the  English  freebooters,  many  of  the  in- 
habitants took  refuge  in  the  mountains,  and  were  never  afterwards  heard 
of.  These  refugees  were  many  of  them  pure  whites,  men  and  women. 
Now  from  Esparza,  it  is  only  about  throe  or  four  days'  journey  to  the 
borders  of  the  Guatuso  country,  and  it  docs  not  seem  improbable  that 
some  of  these  poor  wretches  may  have  found  their  way  there.  If  this  is 
really  the  case,  the  admixture  of  blood,  and  consequent  lightening  of 
color  is  satisfactorily  accounted  for. 

In  consequence  of  almost  uniform  bad  treatment,  robbery  and  massacre 
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included,  to  which  these  people  have  been  subjected  by  the  rubber  hunters, 
who  enter  their  country  from  Nicaragua,  and  their  not  possessing  fire-arms 
to  repel  the  aggressors,  they  have  become  so  timid  that  they  fly  on  the 
first  approach  of  strangers.  The  few  who  have  been  captured  are  either 
young  children,  or  persons  taken  by  surprise.  I  have  been  unable  to 
learn  of  any  in  Costa  Rica,  although  a  boy,  now  dead,  lived  for  a  while  in 
Alajuela.  A  few  are  said  to  have  been  taken  to  Saa  Juan  del  Norte, 
(Greytown,)  and  to  Grenada,  Nicaragua.  The  Alajuela  boy,  although  he 
learned  the  meaning  of  some  Spanish  words,  so  as  to  know  what  was 
meant,  when  spoken  to,  was  represented  as  sullen.  When  asked  the 
names  in  his  language  of  things  that  he  was  familiar  with,  like  plantain, 
banana,  &c.,  he  always  remained  silent,  and  neither  coaxing  nor  threats 
could  extort  a  word. 

The  people  are  invariably  represented  as  of  short  stature,  broad,  and  of 
enormous  strength.  They  live  in  neighborhoods ;  they  cannot  be  called 
villages,  the  houses  being  scattered  over  an  extensive  area  and  at  dis- 
tances of  from  one  to  several  hundred  yards  apart.  The  houses  are  low, 
consisting  of  a  roof,  pitching  both  ways  from  a  ridsre  pole,  and  resting  on 
very  short  but  very  thick  posts.  This  is  thatched  with  palm  loaf  and  is 
entirely  open  at  the  ends  and'  sides,  under  the  eaves.  Their  tools  are 
stone  axes  set  in  wooden  handles,  good  steel  machetes  (all  agi*ee  that 
they  have  Been  these,  but  where  do  they  get  them  ?)  and  planting  sticks 
similar  to  those  used  by  the  Bri-bris.  With  these  tools  they  cultivate 
great  quantities  of  plantains,  bananas,  yuca,  coco,  {Coloeasia  esculenturn,) 
besides  possessing  large  plantations  of  the  pehi  bulla  palm  and  of  cacao. 
Of  the  furniture  in  their  houses,  I  was  told  of  cord  hammocks  and  net 
bags,  similar  to  those  of  Bri-bri,  and  of  blocks  of  light  wood  for  seats. 
They  seem  to  sleep  on  the  ground  floor  of  their  houses,  simply  spreading 
down  a  layer  of  plantain  leaves.  Their  bows  and  arrows  are  described  as 
similar  to  what  I  have  seen  elsewhere,  except  that  the  arrows  are  not  sup- 
plied with  any  harder  points  than  those  furnished  by  the  pehi  balla  wood. 
The  dress  is  described  as  identical  with  the  old  styles  in  Talamanca ; 
mastate  breech  cloths  for  the  men,  and  the  same  material,  in  the  shape  of 
short  petticoats  for  the  women. 

The  country  of  the  Rio  Frio  is  said  to  consist  of  broad  fertile  plains, 
unsurpassed  in  beauty  and  fertility  by  any  lands  in  the  Republic.  The 
Rio  Frio  itself  is  large  and  is  navigated  by  the  large  canoes  of  the  huleroSy 
or  rubber  hunters,  to  a  point  within  three  days'  walk  of  Las  Cruces  on  the 
Pacific  side.  But  the  poor  inoffensive  people  who  inhabit  this  region  are 
now  so  intimidated  by  the  <* Christians''  who  have  visited  them,  that 
they  can  only  be  approached  by  a  foreigner  by  stealth.  If  they  can 
escape  they  do  so,  but  if  driven  to  bay,  or  think  they  can  overpower  the 
strangers,  they  greet  them  with  a  flight  of  arrows.  They  are  especially 
afraid  of  firearms,  and  a  pistol  shot  is  sufficient  to  depopulate  a  set- 
tlement. 

I  believe  the  above  short  statement  contains  the  most  reliable  informa- 
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tion  ever  yet  accumulated  with  reference  to  the  Guatusos.  I  have  care- 
fully rejected  many  wonderful  stories  told  me  by  persons  claiming  to  tel^ 
what  they  saw,  and  have  only  availed  myself  of  the  accounts  of  those  who 
seemed  to  exaggerate  least,  or  whose  position  forbade  me  to  doubt  their 
assertions. 

The  tribes  of  Southern  and  South-eastern  Costa  Klca  are  better  known. 
The  Terrabas,  living  on  the  Pacific  slope,  and  their  neighbors,  the  Bomcas 
or,  as  they  call  themselves,  Bruncas,  live  under  complete  subjection  to 
the  laws  of  Costa  Rica,  and  the  rule  of  a  missionary  priest.  They  may 
be  strictly  called  civilized.  But  tliose  on  the  Atlantic  slope  have  had  a 
powerful  ally  in  the  forces  of  nature,  in  resisting  the  civilizing  eiforts  of 
the  Spanish  Invadera.  The  heavy  rains  of  the  Atlantic  seaboard  produce 
a  luxuriance  of  vegetation  that  may  well  nigh  be  called  unconquerable. 
Broad  swamps,  dank  and  reeking  with  milaria  threaten  the  European 
with  bilious  fever,  fatal  to  energy  if  not  to  life.  Three  centuries  ago 
Columbus  sailed  along  the  coast  from  the  Bahia  del  Almirante,  and  in  his 
usual  tiorid  style  called  this  the  Rich  Coast,  and  yet  it  has  never  yielded 
to  the  conqueror  or  paid  him  tribute.  Two  centuries  ago  a  little  colony 
was  planted  far  back  in  the  mountains  and  one  or  two  outlying  missionary 
posts  were  scattered  among  the  then  powerful  tribes.  But  a  just  retribu- 
tion fell  on  San  Jose  de  Cabecar.  The  hardy  mountaineers  did  not  submit 
to  the  oppressoi-s'  yoke  like  the  gentle  and  hapless  victims  of  Cuba  and 
Santo  Domingo.  Even  now  the  traditions  are  well  preserved  among  them, 
and  I  have  listened  to  more  than  one  recital  of  outrages  which  I  dare  not 
believe  to  be  exaggerated.  Father  Las  Casas  tells  of  even  worse  oppres- 
sions. In  1700  the  people  rose  and  massacred  all  who  fell  into  their  power. 
A  pitiful  remnant  escaped  from  the  colony,  to  wander  for  weeks  in  the 
woods  and  finally  a  handful  reached  Cartago.  The  Viceroy  of  Guatemala, 
in  retaliation  sent  forces  by  way  of  the  forest  trails  from  Cartago  and  others 
across  the  mountains  by  way  of  Tcrraba.  They  surrounded,  killed,  and  cap- 
tured all  the  Indians  they  could,  and  carried  their  prisoners  to  Cartago. 
Some  of  these  were  divided  among  the  settlers  as  servants,  and  have  left  a 
strong  tinge  on  the  cheeks  of  many  a  would-be  high-toned  Costa  Rican. 
The  remainder  were  settled  in  the  villages  of  Tucuriqui  and  Orosi,  where, 
though  i>artly  civilized,  they  still  retain  their  original  language,  badly 
corrupted  with  Spanish.  Since  this  disastrous  ending  to  the  colony,  both 
parties  have  kept  up  a  wholesome  dread  of  each  other  and  no  further  ef- 
forts have  ever  been  made  to  found  a  colony  on  the  Atlantic  side  of  the 
country.  At  the  same  time,  the  Indians  not  only  dread,  but  hate  the 
Spaniards  and  even  a  trace  of  Spanish  blood,  or  liuency  in  the  language 
on  the  part  of  a  dark-skinned  or  dark-haired  person  is  a  warrant  for  sus- 
picion. It  is  not  a  hatred  of  the  white  race.  Englishmen,  Americans, 
and  Germans  are  invariably  respected  and  treated  well,  by  the  same  peo- 
ple who  are  either  insolent  to  the  Spaniard  or  treat  him  at  best  with 
restraint. 

On  the  Atlantic  slope,  there  are  three  tribes  intimately  allied  socially, 
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politically,  and  religiously,  but  differing  markedly  in  language.  The 
Cabecars  occupy  the  country  from  the  frontiers  of  civilization  to  the 
western  side  of  the  Coen  branch  of  the  Tiliri  or  Sicsola  liiver.  Adjoin- 
ing them,  the  Bri-bris  occupy  the  east  side  of  the  Coen,  all  the  regions  of 
the  Lari,  Uren,  and  Zhorquin  and  the  valley  lying  around  the  mouths  of 
these  streams.  The  Tiribris,  now  reduced  to  barely  a  hundred  souls,  live 
in  two  villages  on  the  Tilorio  or  Changinola  Kiver.  It  is  said  that  on  the 
head  waters  of  the  Changina,  a  large  fork  of  this  latter  stream,  there  are 
yet  a  few  individuals  of  the  Changina  tribe,  but  the  other  Indians  report 
them  as  implacably  hostile  and  their  very  existence  is  only  known  by 
vague  reports  of  their  savage  neighbors.  The  Shelaba  tribe,  formerly 
living  on  the  lower  part  of  the  same  river  is  now  entirely  extinct.  A  few 
half-breeds  are  all  who  perpetuate  the  blood,  and  their  language  is  utterly 
lost.  Still  further  down  the  coast,  beyond  the  Costa  Rican  boundaries  is 
another  allied  tribe,  partly  civilized,  in  so  far  as  that  they  trade  and  work 
a  little  and  drink  a  great  deal  of  bad  rum,  spending  most  of  their  earnings 
on  th  at  bane  of  the  race.  They  are  called  by  foreigners  Yalientcs.  Cross- 
ing over  to  the  Pacific  slope,  the  Terrabas  are  tribally  identical  with  the 
Tiribis.  The  tradition  still  exists  in  a  vague  form,  that  they  are  emigrants 
from  the  Atlantic  side  ;  but  when  or  why  the  emigration  took  place,  is 
forgotten.  The  home  of  the  tribe  is  in  a  very  narrow,  rough  can  m, 
traversed  by  a  river  that  might  better  be  called  a  torrent,  a  country 
strongly  contrasted  with  the  fertile  plains  and  broad  savannas  of  Terraba, 
and  it  is  not  improbable  that  under  the  press  of  a  crowded  population 
several  migrations  took  place.  They  still  tell  how,  twenty  or  thirty  years 
ago,  a  priest  came  over  from  Terraba,  baptized  all  who  would  submit  to 
the  rir«,  and  by  glowing  stories  of  the  abundance  of  meat  and  other  in- 
ducements that  he  shrewdly  imagined  would  tempt  them,  carried  off  over 
a  dozen  of  their  best  men,  who  never  returned.  A  glance  at  the  vocabu- 
lary will  show  how  little  separated  are  these  two  branches  of  the  tribe  in 
liinguage.  The  Borucas  or  Bruncas,  who  occupy  a  little  village,  not  far 
from  the  headquarters  of  the  Terrabas,  are  apparently  the  older  occu- 
pants of  the  soil ;  perhaps  crowded  into  a  comer  by  the  invaders. 

Other  tribal  names  are  mentioned  by  various  authors,  such  as  Bicei- 
tas,  i^c.  The  name  Biceita  is  not  known  in  the  country,  and,  although 
used  to  the  present  day  outside  of  the  Indian  country,  is  unknown  to 
them,  or  at  best,  is  supposed  to  be  a  Spanish  word.  The  district  of  that 
name  is  probably  the  western  part  of  Bri-bri,  the  most  eastern  i>oint  to 
which  the  slave-hunting  expeditions  from  San  Jos^  Cabecar  penetrated. 
The  Blancos  are  properly  the  Bri-bri  tribe,  but  this  word  is  rather  loosely 
used,  and  is  often  applied  alike  to  the  Cabecars  and  Tiribis. 

But  little  can  be  gathered  of  the  history  of  these  people.  What  hap- 
pened in  the  times  of  their  grandfathers  is  already  ancient  history  and 
partly  forgotten.  All  recollection  of  the  first  arrival  of  the  Spaniards  is  now 
lost.  They  have  no  traditions  of  the  use  of  stone  implements  before  the  in- 
troduction of  metal.  When  asked  what  they  did  for  axes  before  the  traders 
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came  among  them,  I  could  get  no  more  satisfactory  answer  than  that 
they  went  to  Cartago  to  buy  them.  I  have  been  told  a  vague  story,  how- 
ever, that  long  ago  there  were  two  bands  living  in  the  country  now  occu- 
pied by  the  Bri-bris.  Those  living  in  the  valley,  around  the  junction  of 
the  branches  of  the  Tiliri  were  more  powerful  than  the  mountaineers, 
and  forced  the  latter  to  pay  tribute  when  they  descended  to  hunt,  or  cut 
the  material  for  their  bark-cloth  clothing.  But  gradually  the  lowlanders 
died  out ;  the  highlanders,  becoming  the  more  powei*ful,  rebelled  against 
these  impositions,  and  eventually  emigrated  in  such  numbers  to  the 
country  of  the  former,  that  the  distinction  became  lost  by  an  amalgama- 
tion of  the  two  parties.  Even  now  the  Bri-bris,  who  occupy  the  lowlands 
and  most  of  the  hill  regions  of  the  Sicsola,  look  down  on  their  neigh- 
bors the  Cabecars  and  treat  them  as  inferiors.  The  Cabecars,  on  the  other 
hand,  tacitly  acknowledge  even  a  social  supremacy,  and  in  a  mixed  party 
submit  to  assume  the  more  menial  occupations,  like  bringing  water  and 
wood  ;  and  are  always  obliged  to  wait  until  the  last  when  food  or  drink 
is  being  served.  Few  of  the  Bri-bris  speak  the  Cabecar  language,  but 
there  are  few  of  the  Cabecars  who  do  not  speak  Bri-bri,  and  they  usually 
use  it  in  the  presence  of  strangers.  The  Cabecars  have  no  chief  of  their 
own,  but  are  entirely  under  the  rule  of  the  Bri-bri  chief,  and  have  been, 
from  time  immemorial.  Their  subjugation  is,  in  short,  complete.  At 
the  same  time  they  have  the  honor  of  religious  supremacy,  in  so  Car  as 
that  the  high  priest,  the  ^^ Usekara,^^  whose  office  will  bo  explained  fur- 
ther on,  belongs  to  their  tribe.  The  ordinary  priests,  the  **  TsugurSj^^ 
who,  like  the  **  Lhekara^^^  ai*e  hereditary,  come  from  a  group  of  families 
on  the  Cocn  River,  but  belong  to  the  Bri-bri  tribe. 

About  the  beginning  of  this  century  there  was  a  bitter  war  between  the 
Bri-bris  and  the  Tiribis.  The  youngest  members  of  the  war  parties  are 
now  mostly  dead,  and  the  few  remaining  survivors  are  very  old  men. 
The  last  of  the  warriors  proper,  mature  men  at  that  time,  died  about 
18G0,  at  an  extremely  advanced  age.  I  have  heard  the  traditions  from 
both  sides  the  question,  and  of  course  each  party  throws  all  the  blame 
on  the  other.  The  Bri-bri  story  is  that  some  people,  a  whole  family, 
living  on  the  extreme  eastern  portion  of  the  Uren  district,  were  found 
murdered,  and  no  clue  discovered  to  the  perpetrators  of  the  act.  Not 
very  long  afterwards  other  murders  occuri'ed  in  an  equally  mysterious 
manner,  which  threw  the  whole  country  into  a  state  of  excitement. 
Afterwards  a  small  party  was  attacked  by  some  unknown  Indians,  a 
portion  killed  and  some  left  to  tell  the  tale.  The  tracks  of  the  stran- 
gers wore  followed  through  the  woods,  always  keeping  to  the  east, 
until  they  wei*e  lost.  Following  this  clue,  the  chief  of  the  Bri-bris  sent 
out  a  party  of  armed  scouts,  who  climbed  to  the  summit  of  the  divi- 
ding ridge,  overlooking  the  Tilorio.  From  here  they  discovered  for 
the  first  time  that  they  had  neighbors  ;  seeing  their  houses  and  corn- 
fields in  the  distance.  A  large  war  party  was  fitted  out ;  they  passed 
the   mountains,  and  without  warning   descended  on  the  unsuspecting 
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enemy,  killing  large  numbers.  After  this  a  desultory  warfare  was  kept 
up ;  each  party  striving  to  take  the  other  unawares,  and  to  capture  as 
many  heads  as  possible.  This  went  on  until  the  Tiribi,  reduced  to  a 
handful,  sued  for  peace  and  submitted  as  a  conquered  people  to  the 
Bri-bris.  Since  then,  the  chief  of  the  Bri-bris  has  always  retained  the 
right  of  final  choice  of  chief  of  the  Tiribis,  after  nomination  of  the  can- 
didate by  his  own  people.  Beyond  this,  no  actual  control  has  ever  been 
exercised  i  The  Tiribi  story  does  not  differ  from  the  above,  except  in 
the  origin.  It  throws  the  blame  of  the  first  aggression  on  the  Bri-bris. 
In  some  respects  the  Tiribis  are  superior  to  the  Bri-bris.  The  children 
are  more  respectful  to  their  parents;  the  women  are  more  modest  in  dress 
and  behavior,  and  the  men  are  more  industrious.  This  is  their  boast,  and 
while  they  look  down  on  the  Bri-bris,  the  latter  despise  them  as  a  con- 
quered people.  Very  little  communication  occurs  between  the  two  tribes, 
and  I  could  learn  of  but  two  cases  of  intermarriage  between  them. 

I  have  already  said  the  Tiribis  and  Cabecars  are  under  the  political  rule 
of  the  Bri-bris.  The  form  of  government  is  extremely  simple.  One  family 
holds  the  hereditary  right  of  chieftainship,  and  up  to  187B  the  reigning 
chief  had  theoretically  full  powers  of  government.  The  succession  is  not 
in  direct  line,  but  on  the  death  of  the  incumbent,  the  most  eligible  mem- 
ber of  the  royal  family  is  selected  to  fill  the  vacancy.  Often  a  son  is 
passed  over  in  favor  of  a  second  cousin  of  the  last  chief.  The  present 
chief  is  first  cousin  of  his  predecessor,  who  was  nephew  of  his  predecessor, 
who  was  in  turn  a  cousin  to  his. 

Formerly  the  chiefs  held  only  a  nominal  control  over  their  people.  The 
principal  advantages  derived  from  the  position  were  rather  of  a  social 
than  a  political  nature.  The  chief  was  conducted  to  the  best  hammock 
for  a  seat  on  entering  a  house,  fie  was  treated  to  their  great  luxury,  cho- 
colate, when  persons  of  less  note  were  fain  to  be  content  with  chicha.  But 
in  case  of  a  quarrel  the  chief  had  to  defend  himself  from  the  blows  6t  the 
long,  heavy  fighting-stick  like  any  ordinary  mortal .  Within  the  last 
decade  or  two,  the  traders,  by  throwing  their  influence  on  the  side  of  the 
chief,  have  caused  him  to  be  treated  with  more  i*espect,  and  endowed  him 
with  the  attributes  of  a  judge  over  his  people,  in  all  ordinary  disputes. 
About  1870  or  1871,  Santiago,  the  then  chief,  paid  a  visit  to  Cartago  and 
San  Jose  ;  was  well  treated,  and  received  an  appointment  from  the  Gov- 
ernment, for  the  position  which  he  ali-eady  held,  with  the  full  approval  of 
his  tribe.  It  had  been  customary  for  the  heir-apparent,  the  future  suc- 
cessor, to  hold  a  position  as  second,  or  subordinate  chief,  with  little  or 
no  authority.  One  Lapiz  was  at  that  time  second  chief,  and  claimed 
that  he  was  more  entitled  than  the  other  to  the  chieftainship.  Exagger- 
ated ideas  of  great  mineral  wealth  in  **Ta1amanca"  have  been  long  held 
in  Costa  Kica  and  the  Commandant  of  Moen,  a  little  settlement  on  the 
Atlantic  coast,  used  principally  as  a  penal  station,  conspired  with  Lapiz 
against  Santiago.  This  individual,  named  Marchena,  advised  Lapiz  to 
assassinate  his  chief,  and  thereby  place  himself  at  the  head  of  the  tribe. 
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It  seems  that  Marchena^s  plan  was  to  put  a  creature  of  his  own  over 
the  Indians,  so  as  to  gain  access  to  the  supposed  rich  mines  and  thereby 
benefit  himself.  Instigated  by  a  «  Christian,"  the  savage,  nothing  loth, 
conspired  with  his  people,  but  Santiago  learned  of  it  and  made  efforts  to 
arrest  him.  Learning  of  this,  he  fled  to  the  mountain  fastnesses  of 
Bri-bri  where,  broken  down  by  disease  and  hardships  he  died,  leaving, 
Indian  like,  his  revenge  as  a  legacy  to  his  adherents.  Santiago,  who  was 
a  drunkatd  and,  when  intoxicated,  a  tyrant,  gradually  enstranged  his 
people  from  him,  and  his  relatives,  Birche  and  Willie,  placed  themstlves 
at  the  head  of  the  op|K)8ition.  The  occasion  sought  for  was  not  long  in 
being  found,  and  one  morning  Santiago  was  shot  in  the  woods  by  an  am- 
bushed party,  who  at  once  took  possession  of  the  government,  burnt  their 
victim^s  house,  appropriated  his  effects,  including  his  three  wives,  and 
defied  his  friends.  Birche,  as  the  oldest  of  the  two  cousins  and  claimants 
to  the  chieftainship,  took  precedence  and  Willie  became  second  chief. 
Mr.  John  H.  Lyon,  tin  American  from  Baltimore,  who  had'  lived  in  the 
country  since  1858,  bad  acted  as  secretary  to  Santiago,  and  only  their  re- 
spect for  an  upright  man  who  had  always  treated  them  justly,  coupled 
with  the  fact  that  he  was  not  a  *' Spaniard,"  prevented  them  from  vent- 
ing their  resentment  on  him,  in  common  with  the  other  friends  of  the 
murdered  man.  He  remained  at  his  house  for  some  weeks  despite  the 
storm.  But  at  last,  thinking  discretion  the  better  part  of  valor,  he  left 
the  country  with  his  Indian  family  and  remained  absent  some  months. 
On  his  return  he  found  matters  settled  after  a  fashion  :  the  Birche  party 
in  power,  but  by  no  means  secure  against  an  outbreak  from  the  friends 
of  Santiago,  who  only  wanted  a  leader.  They  urged  Lyon  to  head  them 
but  his  better  council  prevailed,  and  they  perforce  accepted  the  situation. 
I  visited  the  country  first  in  March,  1873.  accompanied  by  the  Command- 
ante  of  Limon,  Don  Federico  Fernandez.  He  then  formally  approved  of 
Birclte  as  chief,  Willie  as  second,  and  re-appointed  Lyon  as  Secretary. 
This  was  a  great  step  in  advance  for  Birche  who  now,  for  the  first  time, 
felt  himself  secure.  The  assassination  of  Santiago  was  practically  ig- 
nored, but  they  were  told  ''to  be  good  and  not  do  it  again."  This  was 
succeeded  by  an  infinite  number  of  petty  quarrels  between  the  two 
chiefs ;  each  disliking  the  other,  and  each  wishing  the  other  out  of  the 
way.  By  dint  of  constant  interference  on  the  p^rt  of  the  foreigners,  they 
were  prevented  from  coming  into  actual  collision,  although  one  attempt 
was  made  by  the  friends  of  Willie  to  kill  Birche,  Lyon,  myself  and  my 
assistants  at  a  blow  by  planting  an  ambush  for  us  on  one  of  our  journeys. 
However,  in  December,  1873,  business  taking  me  to  San  Jose,  I  induced 
Birche  to  accompany  me.  On  my  advice,  Don  Vicente  Ilerrera,  the 
Minister  of  Interior,  gave  to  Birche  a  formal  commission  as  <' Jefe  Polit- 
ico "  of  Talamanca,  confirmed  Willie  as  second  chief,  and  appointed  Mr. 
Lyon  **  Secretary  and  Director  of  the  tribes,"  fixing  suitable  salaries  for 
each.  This  was  the  first  time  that  the  tribe  had  formally  submitted  to 
the  Costa  llican  government.    The  action  of  Santiago  was  purely  an  in- 
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dividual  affair,  and  looked  on  with  great  disfavor  by  the  tribe.  Matters 
went  on  very  wdlfor  a  few  months  under  the  new  regime.  Hut  Hirche,  a 
man  of  little  capacity,  at  the  same  tima  a  coward  and  a  tyrant,  could  not 
be  content  with  his  position.  He  began  a  system  of  ill  treatment  against 
which  the  people  gi-umbled,  but  which  they  feared  to  resent.  At  first 
both  Lyon  and  myself  tried  to  quiet  the  complaints,  believing  that  pun- 
ishment had  been  justly  inflicted,  and  knowing  that 

"  No  man  e'er  felt  the  halter  draw 
With  jast  opinion  of  the  law, 
Or  held  with  judf^ment  orthodox 
His  love  of  justice  in  the  stocks.** 

But  it  soon  became  apparent  that  his  majesty  (they  are  always  calUd 
king)  was  abusing  his  power.  The  Indians  dared  not  quarrel  with 
Birche,  for  fear  of  offending  the  government,  but  came  to  Lyon  almost 
dMly  with  complaints.  At  last  we  decided  to  effect  a  change.  Birche 
went  to  Limon  to  draw  his  salary,  and  at  the  same  time  to  complain  of  a 
purely  personal  quarrel  with  Willie,  in  which  he  had  fared  wor«4t.  I  ar- 
rived there  a  few  days  later,  having  completed  my  exploration,  and  being 
on  my  way  to  the  Capital.  On  being  asked  for  information  and  advice  by 
the  Commandante,  I  told  the  story  and  urged  his  removal  This  could 
only  be  done  by  the  minister,  but  he  was  suspended  until  the  decision  of 
that  officer  could  be  obtained.  In  a  few  days  I  saw  Mr.  Herrera,  and 
after  a  conversation  he  decided  to  endorse  the  Commandantc's  action. 
Birche  was  accordingly  removed,  Willie  was  given  a  nominal  chieftain- 
ship, and  Lyon  instructed  to  assume  all  responsibilities.  Thus  in  less 
than  two  years  the  people  have,  without  knowing  how  it  hapi^encd,  been 
depiived  of  their  hereditary  chiefs,  and  a  foreigner  placed  over  thein. 
Willie  remains  with  the  empty  title  of  chief  without  even  the  power  to 
issue  an  order  or  punish  an  offender,  except  when  ordeied  by  Lyon.  This 
gentleman  has  their  entire  confidence  and  resi>ect,  and  many  of  the  In- 
dians begged  to  have  even  the  title  takt  n  away  permanently  from  the 
"royal"  family.  I  have  been  thus  prolix  on  this  branch  of  the  subject, 
because  I  was  an  eye  witness,  a  participator,  in  the  latter  part  of  the 
events  I  relate.  Trivial  as  they  are,  they  may  interest  some,  throwing 
light  on  the  manner  in  which  one  tribe  after  another  is  subdue  1. 

A  strange  fatality  seems  to  hang  over  these  Isthmian  ludians.  Even 
when  not  brought  into  contact  with  the  debasing  infiuenccs  of  civiliz.\tion, 
the  tribes  are  visibly  diminishing.  Less  than  two  centuries  ago,  the 
population  of  Talamanca,  as  Costa  liica  calls  her  southeastern  province, 
was  counted  by  thousands,  now  barely  1*200  souls  can  be  found.  The 
Shelaba  tribe  is  extinct ;  the  Changinas  are  at  the  point  of  extermination, 
the  Tiribis  number  but  one  hundred  and  three  souls,  and  Lyon  tells  me 
that  the  Cabecars  of  the  Coen  have  diminished  fully  one-half  within  the 
last  seventeen  years,  while  the  deci*ease  in  the  Bri-bris  is  hardly  less 
rapid. 

During  my  travels  in  Talamanca  I  collected  in  each  district  an  accurate 
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enumeration  of  the  population.  ^ly  process  was  to  get  together  several 
of  the  most  intelligent  and  well-informed  men  in  the  district ;  cause  them 
to  compare  notes  and  then  to  tie  a  series  of  knots  in  strings  as  they  aie 
accustomed  to  do  ;  different  kinds  of  knots  distinguishing  the  sexes.  Each 
house  was  counted  separately,  so  that  I  obtained  an  exact  census  of  the 
whole  country  with  the  following  results.  This  cord  census  is  now  in  the 
museum  of  the  Smithsonian  Institution,  with  many  other  articles,  illus- 
trating the  life  and  customs  of  the  people. 
The  poimlation  of  each  district  is  as  follows  : 

Tiribi 103 

Uren G04 

Bri-bri 172 

Cabecar 128 

The  Valley 219 

Total 1220 

This  covers  all  of  the  water-sheds  of  the  Tilorio  and  Tiliri  rivers  ex- 
cept two  small  bands ;  the  Changiuas  on  the  Changina  branch  of  the 
Tilorio  and  a  refugee  remnant  of  the  Cabecars  on  the  extreme  head  of 
the  Tiliri.    Probably  an  additional  hundred  would  cover  all  of  thtse. 

On  the  North  or  Estrella  river,  and  on  the  Chiripo,  there  arc  a  few 
more  Cabecars  who  have  little  communlciition  with  the  headijuarterH  of 
the  tribe,  but  who  are  in  the  habit  of  going  out  to  Limon  or  Matina  for 
what  little  trade  they  require.  These  are  probably  in  all,  not  more  than 
200  or  300  in  number.  Nearly  all  speak  Spanish  and  tliey  are  gradually 
approximating  to  civilized  or  semi-civilized  ways. 

The  cause  of  the  rapid  decrease  in  the  population  is  their  cxti-eme  in- 
dolence. With  a  country  fitted  to  produce  all  the  fruits  of  the  tropics  ; 
where  maize  grows  luxuriantly,  and  where  cattle  and  pigs  increase  with- 
out care  or  labor  ;  they  are  content  to  make  plantains  their  staple,  and 
almost  their  only  food.  Chicha  the  form  in  which  most  of  their  maize 
is  used,  is  a  beverage  very  slightly  intoxicating,  if  drank  in  large  quanti- 
ties, but  the  amtmnt  of  nutriment  derived  from  it  is  unimportant.  Meat, 
whether  of  domestic  or  wild  animals,  is  a  rarity  and  a  luxury,  and  the 
banana  or  plantain  make  up  all  deficiencies.  The  natural  consequence 
of  a  bulky  and  comparatively  innutritions  diet  is  a  low  physical  state. 
The  system  has  little  resisting  power  against  disease,  or  healing  i)ower 
over  wounds.  A  slight  attack  of  coast  fever,  which,  with  an  ordinary 
strong  man  of  our  own  race,  would  be  comparatively  harmless,  is  very 
apt  to  terminate  fatally  with  these  people.  Indolent  ulcers  are  so  com- 
mon that  perhaps  a  full  fourth  of  not  only  adults,  but  even  children 
have  them,  usually  on  the  legs,  originating  in  some  slight  scratch  or 
bruise ;  and  very  few  of  the  elderly  i>ersons  are  without  their  scars. 
These  ulcers  often  last  for  years,  and  I  have  seen  them  as  broad  as  the 
two  hands  openetl  side  by  side.  Although  the  local  diseases  are  few,  the 
entire  absence  of  medical  treatment,  the  ignorance  of  the  first  principles 
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of  hygiene,  and  the  universal  negligence  of  the  sick,  on  the  part  of  the 
well,  all  contribute  to  shorten  the  average  life-t«rm  of  the  x>cople,  so  that 
very  few  old  men  or  women  are  to  be  found,  and  the  mortality  is  so  great 
among  the  young  that  the  deaths  more  than  counterbalance  the  births. 
Unless  some  great  change  takes  place,  the  whole  of  the  tribes  of  Tala- 
manca  will  have  disappeared-within  two  or  three  generations  more.  The 
Tiribis,  who  like  the  others  have  strict  rules  about  marriage,  within  cer- 
tain degrees  of  consanguinity,  are  now  so  I'educed  that  several  young 
men  and  women  are  to-day  forced  to  remain  unmarried  for  want  of  proper 
mates  sufficiently  removed  in  relationship.  But  at  the  beginning  of  this 
century  they  were  powerful  enough  to  give  battle  to  the  Bri-bris.  The 
Changinas  and  Sh^labas  have  disappeared  and  the  fate  of  the  other  tribes 
requires  no  prophet  to  foretell. 

Physically,  the  people  of  all  the  tribes  bear  a  strong  resemblance  to  each 
other.  They  are  of  short  stature,  broad  shouldered,  heavily  built,  full 
in  the  chest,  with  well-formed  limbs,  and  well  muscled  throughout.  Their 
color  is  similar  to  that  of  the  North  American  Indians,  or,  if  anything 
different,  perhaps  a  little  lighter.  There  seems  to  be  but  little,  if  any 
admixture  of  foreign  blood  among  them.  Their  history  would  hardly 
lead  us  to  expect  it.  They  have  lived  very  exclusively,  and  it  has  hardly 
been  half  a  century  since  they  have  ceased  to  live  in  a  state  of  open  war 
with  all  intruders  from  the  coast  side.  The  Spanish  occupation  closed  so 
disastrously  over  a  century  and  a  half  ago,  was  of  too  short  duration,  and 
and  the  whites  were  too  few,  to  make  a  permanent  impression  on  a  then 
populous  country. 

The  following  measurements  taken  from  ray  servant,  a  full  grown  man, 
who  is  not  more  than  an  inch,  if  so  much,  under  the  average  height,  will 
give  a  fair  idea  of  their  build.  He  measures  in  height,  5  ft.  1^  in.,  cir- 
cumference of  chest,  under  the  arms  35 J  inches ;  of  hips  34  inches,  of 
waist  33i  inches,  length  from  axilla  to  tips  of  the  lingers,  24  J  inches  ;  leg, 
from  the  groin  to  the  gi'ound,  20  inches.  Both  sexes  are  marked  by  an 
almost  perfect  absence  of  hair  from  all  parts  of  the  person  except  the 
head  ;  where  there  is  a  dense  growth  of  coarse,  straight  black  hair.  This 
the  women  plait  with  considerable  taste.  The  men  wear  theirs  cut  mod- 
erately long  and  of  an  even  length  all  round  ;  or  a  few  retaining  an  older 
fashion,  have  it  a  little  over  a  foot  long,  apparently  its  entire  natural 
length,  and  either  let  it  stream  loosely  over  the  shoulders,  gather  it  into 
two  plaits,  or  twist  it  into  a  roll,  bound  with  a  strip  of  mastate,  and 
coiled  at  the  back  of  the  head  in  a  round  liat  mass. 

The  breasts  of  the  women  are  not  conical,  as  occurs  with  many,  if  not 
most  of  the  Indian  races  ;  but  are  fully  as  globular  as  those  of  the 
European  or  African.  Nor  are  they  directed  laterally.  They  are  not 
generally  large,  though  some  marked  exceptions  occur  to  this  rule.  But 
they  have  one  strongly  marked  peculiarity.  The  entire  areolar  area  is 
developed  into  a  globular  protuberance,  completely  enveloping  and 
hiding  the  nipple.     The  development  of  this  part  begins  with,  almost 
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before,  that  of  the  mammary  gland  proper,  on  the  approach  of  puberty, 
and  is  more  obvious  then,  than  after  the  gland  has  acquired  its  full 
rotundity.  After  marriage,  the  areola  gradually  sinks,  leaving  the  nipple 
standing  out  prominently  in  its  centre. 

In  treating  of  the  manners  and  customs  of  these  people,  I  shall  include 
the  three  tribes  of  Tiribi,  Bri-bri,  and  Cabeoar  as  one,  and  shall  only 
mention  them  separately  where  points  of  difference  occur.  First  in  the 
order  comes  the  birth  of  the  young  savage. 

All  the  world,  or  rather  all  the  ignorant  world,  and  even  a  part  of  that 
which  considers  itself  reasonably  enlightened,  entertains  a  belief  in  the 
inlluence  on  the  child,  of  certain  impressions  made  on  the  mother  during 
pregnancy.  Doubtless  the  general  mental  state  of  the  mother  has  an  in- 
tluenco  on  her  progeny.  But  the  belief  exists  among  these  Indians,  in 
its  full  force,  that  the  sight  of  certain  objects  by  the  mother  will  influence 
her  child  physically.  They  go  furtlier.  The  mother  is  given  to  wearing 
certain  charms  to  that  end.  The  eyes  of  the  fish  hawk  give  the  future  fisher 
the  power  to  see  his  prey  beneath  the  water  ;  the  teeth  of  the  tiger  (also 
woni  by  both  sexes  for  purely  ornamental  purposes),  when  used  as  an 
amulet  makes  the  future  hunter  swift  and  strong  in  the  chase  ;  the  hairs 
of  a  horse  make  him  strong  to  carry  loads,  and  a  piece  of  cotton  pushed 
inside  of  her  girdle  by  a  white  man,  is  certain  to  make  the  child  of  a 
lighter  complexion. 

When  the  time  of  parturition  approaches,  the  father  goes  into  the  woods 
and  builds  a  little  shed,  at  a  safe  distance  from  the  house.  To  this  the 
woman  retires  as  soon  as  she  feels  the  labor  pains  coming  on.  Here, 
alone  and  unassisted,  she  brings  forth  her  young.  Difficult  delivery  is  as 
rare  as  among  the  lower  animals.  As  soon  as  the  delivery  is  efiected,  the 
mother  of  the  woman,  if  present,  and  in  her  absence,  some  other  old 
woman  approaches  the  mother  and,  with  great  circumspection  to  avoid 
the  defilement  othu-ku-ru',  of  which  I  shall  speak  further  on,  places  within 
her  reach  a  piece  of  wild  cane,  so  split  as  to  make  a  rude  knife.  The  mother 
ties  the  umbilical  cord  and  severs  it  with  this  knife.  No  other  kind  is 
permitted.  She  is  also  supplied  in  the  same  manner  with  some  tepid 
water  in  a  folded  plantain  leaf,  in  which  she  washes  the  child.  She  then 
collects  the  after-birth,  &c.,  and  buries  it,  after  which  she  goes  to  the 
uearast  water  and  bathes  herself.  An  awa,  or  medicine  man  then  ap- 
pears on  the  scene.  He  causes  the  mother  to  theoretically  wash  herself 
again,  by  dipping  her  fingers  into  a  calabash  of  water,  which  he  forth- 
with drinks.  He  then  lights  a  pipe  of  tobacco,  blowing  the  smoke  over 
her.  He  then  purifies  himself  by  washing  his  hands,  after  which,  and 
not  before,  all  are  permitted  to  return  to  the  house.  The  recovery  of  the 
mother  is  so  prompt  that  it  may  be  more  properly  said,  she  has  nothing 
to  recover  from.  I  have  seen  a  young  mother,  with  her  first  child  not 
yet  a  week  old,  attending  to  her  ordinary  duties  as  if  nothing  had  hap- 
pened. 
The  matter  of  names  is  very  loose  and  arbitrary.    It  is  ahnost  impossi- 
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ble  for  a  stranger  to  learn  the  true  name  of  an  Indian,  directly  from  the 
person  himself,  although  his  friends  may  divulge  it,  and  this  is  looked 
upon  almost  in  the  light  of  either  a  breach  of  confidence,  or  a  practical 
joke.  After  long  acquaintance,  they  may  be  prevailed  upon,  but  even 
then  are  more  apt  to  give  a  false  name  than  to  tell  the  truth,  so  great  is 
their  reluctance.-  One  fellow,  who  was  my  servant  for  over  three  months, 
after  always  denying  having  a  name,  at  last  told  me  a  pet  name,  or 
"  nick-name  "  that  he  had  had  as  a  child.  It  is  customary  for  children 
to  have  provisional  names,  or  to  be  called  only  *  *  boy  "  or  "  girl ''  as  tlie 
case  may  be,  until  the  whim'  of  an  acquaintance  or  some  equally  arbitrary 
circumstance  fixes  a  title  to  them.  Besides  the  native  name,  genei*ally 
derived  from  some  personal  qua.ity,  or  not  seldom  the  name  of  some  ani- 
mal or  plant,  almost  all  of  the  Indians  possess  a  foreign  name,  by  which 
they  are  known,  and  which  they  do  not  hesitate  to  communicate.  Among 
themselves,  when  the  name  is  unknown,  a  person  is  called  by  the  name 
of  the  place  where  he  lives.  Mr.  Lyon  says  all  the  women  have  names, 
as  well  as  the  men.  But  my  experience  with  them  is  never  to  have  heard 
them  called  by  other  titles  than  "girl,"  "woman,"  *'trwAy"  (applied 
familiarly  to  young  married  women),  or  ** so-and-so's  wife"  or  daugh- 
ter, except  in  the  case  of  a  few  of  the  more  civilized  men,  who  have  given 
Christian  names  to  their  families. 

Childi-en  are  not  generally  weaned  early.  In  case  of  the  birth  of  a  se- 
cond child,  the  first  is  weaned  perforce.  But  it  is  nothing  strange  to  see 
a  child  well  able  to  walk,  say  even  two  years  old,  go  to  the  breast  as  a 
matter  of  course,  although  sufficiently  accustomed  to  move  solid  food. 

Small  babies  are  carried  on  the  back,  astride  the  hips  of  the  woman, 
and  supported  by  a  broad  strip  of  bark  or  cotton  cloth,  passed  around 
both,  and  secured  in  front  by  a  dexterous  tucking  in  of  the  ends.  When 
they  become  larger,  they  are  carried  on  one  hfp,  supported  by  the  arm  ; 
or  ai*e  placed  on  top  of  the  load,  if  the  mother  is  traveling.  They  sit 
perched  on  the  bundle,  with  a  foot  dangling  either  over  or  behind  each 
shoulder  of  the  mother,  and  soon  learn  to  hold  on  like  monkeys. 

The  training  of  the  youth  is  left  almo3t  entirely  to  themselves.  Among 
the  Tiribi  they  are  taught  to  respect  and  obey  their  parents,  but  in  the 
other  tribes  they  are  more  insolent  and  didrespectful  to  their  parents  than 
to  other  persons.  I  have  seen  a  boy  of  ten  years  old  absolutely  refuse  to 
obey  some  trifiing  command  of  his  mother,  and  she  seemed  to  have  no 
power  to  enforce  her  order.  The  little  girls  learn  early  to  accompany  the 
older  girls  and  women  when  they  go  out  to  bring  water.  Their  usual 
station,  in  the  house,  is  at  the  side  of  the  fire,  where,  as  soon  as  they  are 
large  enough,  they  assist  in  fanning  the  fire,  preparing  plantains  for  the 
pot  or  watching  the  cooking.  The  boys  will  sometimes  deign  to  hunt 
fire-wood,  but  they  are  more  apt  to  be  playing  by  the  side  of  the  river 
-with  mimic  bow  and  arrow,  leai*ning  to  shoot  fish  under  water.  Tlieir 
toys  are  mostly  diminutive  copies  of  the  tools  and  weapons  of  more  ad- 
vanced age.    The  machete  of  the  man  is  represented  by  a  good  sized 
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knife,  often  the  only  article  worn  by  the  boy ;  the  long  hunting  and  fish- 
ing bow  is  foreshadowed  by  one  a  yard  long,  perhaps  made  of  a  simple 
piece  of  wild  cane  ;  the  blow  gun,  a  tube  longer  than  the  person,  is  in 
connt^nt  use  ;  and  I  have  seen  some  few  actual  toys  such  as  a  top  made 
of  a  large  round  seed  with  a  stick  through  it ;  and  a  rattle  differing  only 
in  the  degree  of  care  in  the  making,  from  those  used  by  the  priests  in 
their  incantations. 

The  arrival  of  puberty  is  the  signal  for  marriage,  at  least  on  the  part 
of  the  girls.  The  courtships,  if  such  they  can  be  called,  are  carried  on 
principally  at  the  chicha  drinkings,  and  I  am  assured  that  very  few  young 
women  retain  their  virginity  until  marriage.  A  plurality  of  wives* is 
allowed  at  the  option  of  the  husband.  Many  have  two,  and  some  three 
women.  When  a  young  man  wishes  to  marry,  having  arranged  with  the 
girl,  he  applies  to  the  father.  The  consent  is  practically  a  foregone  con- 
clusion ;  but  the  details  of  the  bargain  must  be  arranged.  In  most  cases, 
the  groom  goes  to  live  at  the  house  of  his  father-in-law,  becomes,  at  least 
for  a  time,  a  member  of  tlie  family,  and  contributes  with  his  labor  to  the 
common  support.  Girls  are  thus  available  property  to  their  families. 
But  in  case  the  man  already  has  a  wife  ;  is  in  short,  settled  in  life,  and 
has  his  own  home,  he  may  not  want  to  change  his  residence.  He  then 
compounds  with  the  family  ;  giving  a  cow,  a  couple  of  pigs,  or  other 
equivalent  for  the  woman,  in  place  of  his  services.  No  form  of  cere- 
mony is  required,  and  the  marriage  lasts  as  long  as  it  suits  the  conve- 
nience of  the  parties.  In  case  of  infidelity  on  the  part  of  the  woman,  or 
undue  cruelty  on  the  man's  part,  they  may  separate.  Sometimes,  if  the 
woman  is  unfaithful,  the  man  whips  her  severely,  and  perhaps  returns 
her  to  her  family,  or  she,  in  a  fit  of  resentment,  leaves  him.  This  may 
be  for  a  year  or  so,  or  may  be  final ;  but  during  such  separation  either 
party  is  at  liberty  to  maffo  new  connections,  thereby  remaining  i^erma- 
neutly  apart. 

Probably  there  is  no  better  place  to  mention  kissing  than  in  connection 
with  courtships  and  marriages.  This  agreeable  custom  seems  to  be 
entirely  unknown.  I  have  never  seen  one  person  among  them  kiss  an- 
other, not  even  a  mother  her  child. 

There  are  certain  limits  within  which  parties  may  not  marry.  The 
tril>e8  are  divided  into  families,  or  something  analogous  to  clans.  Two 
]>ersons  of  the  same  clan  cannot  marry.  This  is  now  a  source  of  difficulty 
among  the  Tiribis.  The  tribe  is  so  reduced  that  a  numl>or  of  marriage- 
able persons  of  both  sexes  are  unable  to  find  eligible  mates.  I  could  not 
asc«M*tain  exactly  how  the  question  is  settled  as  to  which  clan  a  person 
belongs,  \\hether  he  inherits  from  father  or  mother,  but  so  far  as  I  could 
gather,  I  think  from  the  father.  Cousins,  even  to  a  remote  degree,  are 
called  brother  and  sister,  and  are  most  strictly  prohibited  from  intermar- 
riage. The  law,  or  custom,  is  not  an  introduced  one,  but  one  handed 
down  from  remote  times.  The  penalty  for  its  violation  was  originally 
very  severe  ;  nothing  less  than  the  burial  alive  of  both  parties.     This 
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penalty  was  not  only  enforced  against  improper  marriage,  but  even 
against  illicit  intercourse  on  the  part  of  persons  within  the  forbidden 
limits.  >Ir.  Lyon  related  to  me  a  case  that  occurred  since  he  has  been 
living  in  the  country,  where  the  power  of  the  Chief  Chirimo  was  insuffi- 
cient to  protect  a  man  who  married  his  second  or  third  cousin.  Fortu- 
nately for  the  delinquents,  they  succeeded  in  making  their  escape,  though 
with  difficulty,  being  followed  two  or  three  days'  journey  by  the  aven- 
gers. 

Infidelity  is  not  rare,  and  the  husband  has  the  redress  of  whipping  the 
woman  and  dismissing  her  if  he  desires,  and  of  whipping  her  paramour 
if  he  is  able.  But  so  cautious  are  the  people  about  the  blood  limit  of  in- 
termarriage, that  a  woman  on  giving  birth  to  an  illegitimate  child,  for 
fear  that  it  will  not  know  the  family  to  which  it  belongs,  will  usually 
brave  the  punishment,  and  at  once  confess  its  paternity. 

As  cousins  are  called  brother  and  sister,  so  are  not  only  the  brothers 
and  sisters,  but  even  the  cousins  of  a  wife  or  husband  all  called  indiscrim- 
inately brother  and  sister-in-law ;  so  that  a  person  may  on  a  single  mar- 
riage find  that  he  has  annexed  fifty  or  a  hundred  of  these  interesting 
relations. 

On  the  death  of  the  head  of  the  family,  the  next  oldest  brother,  or  in 
default  of  a  brother,  a  cousin  or  uncle  assumes  his  place,  and  is  then 
called  father  by  the  children.  This  docs  not  involve  any  especial  mate- 
rial duties,  such  as  the  support  of  the  family;  but  is  rather  a  sort  of 
honorary  title ;  giving  him,  however,  the  ruling  voice  in  any  family 
council  or  discussion. 

On  the  death  of  an  individual ;  if  a  young  person,  a  woman,  or  a  per- 
son of  but  little  consequence,  the  body  is  prepared  as  soon  as  possible  in 
the  manner  described  below,  and  carried  to  the  forest ;  but  if  a  person 
of  more  consideration,  there  are  some  preliminary  ceremonies.  These  I 
had  the  opportunity  of  witnessing  in  the  case  of  an  old  man  who  died  on 
the  Uren  when  I  was  present.  He  belonged  to  one  of  the  distinguished 
families,  an  ancestor,  perhaps  his  father,  having  been  one  of  the  leaders 
in  the  war  with  Tiribi,  and  he  the  heir  to,  and  possessor  of,  one  of  the 
few  gold  *' eagles,"  or  insignia  of  rank.  He  died  in  the  night,  and  next 
morning,  the  body  being  in  his  hammock,  covered  with  a  piece  of  bark 
cloth ;  all  of  the  chicha,  chocolate,  and  food  that  the  poor  peo])le  of  the 
house  could  get  together  on  short  notice  were  prepared.  A  tire  was 
lighted,  anaidst  singing,  by  twirling  a  pointed  stick  in  a  s' cket  on  the 
face  of  another.  This  was  the  sacred  fire,  which  was  communicated  to  a 
small  heap  of  wood  placed  on  one  side  in  the  house.  This  could  be  used 
for  no  common  purpose  whatever.  No  ordinary  fire  could  be  lighted 
from  it ;  not  even  could  one  use  a  stick  of  it  to  light  his  pipe.  It  must 
bum  continuously  for  nine  days.  In  case  of  its  accidentally  going  out 
before  that  time,  it  must  be  relighted  in  the  same  manner  as  at  first ;  and 
at  the  end  of  that  time,  only  a  priest  could  extinguish  it,  and  he  only  with 
a  calabash  of  chocolate,  and  during,  or  at  the  end  rather,  of  the  suitable 
incantation. 
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The  custom  of  buryiu^  or  otherwise  placing  with  the  dead  all  of  his 
valuables,  evidently  existed  at  one  time  with  these  people.  The  Tiribis, 
who  bury  their  dead,  did  so,  up  to  within  the  memory  of  persons  still 
living,  and  all  matters  that  could  not  be  buried,  like  live  stock,  fruit  trees, 
(SuC,  Wei*e  ruthlessly  destroyed.  A  moi*e  practical  method  has  grown  up 
with  the  present  generation,  and  they  now  divide  the  property  of  the  de- 
funct among  the  heirs,  with  as  much  avidity  as  in  more  enlightened  com- 
munities. So  do  the  Bri-bris  and  Cabecai*8,  but  these  compound  with 
their  consciences.  Whether  the  Teribis  have  a  similar  custom,  I  am  not 
prepared  to  say,  not  having  seen  a  funeral,  and  having  no  information 
that  I  consider  sufiiciently  trustworthy. 

The  next  step  after  lighting  the  fire,  was  for  the  master  of  ceremonies, 
appointed  by  mutual  consent,  i  o  cause  to  be  collected  some  small  scrap- 
ings of  a  peculiar  wood,  called  Palo  Cacique  by  the  Spaniards.  It  is  a 
wood  used  only  for  walking  sticks,  and  will  be  again  referred  to  in  that 
connection.  He  also  obtained  a  large  lump  of  cotton  wool,  some  seeds  of 
a  species  of  pumpkin,  and  a  small  root  of  sweet  yucca.  All  the  male  friends 
of  the  d«  ceased  present,  seated  themselves  on  low  benches  in  a  double 
line,  facing  each  other,  with  another  bench  between.  A  part  of  the  cot- 
ton, spread  out  so  as  to  make  a  bulk  about  the  size  of  a  man's  hand,  was 
placed  in  front  of  the  principal  peison,  who  then  began  in  a  sing-song 
tone  between  a  recitation  and  a  chant,  to  relate  the  merits  and  deeds  of 
their  departed  brother.  As  he  proceeded,  and  mentioned  for  instance  that 
he  had  planted  much  com,  he  laid  carefully  on  the  cotton  a  piece  of  shaving 
which  he  said  was  the  **  planting  stick"  used  in  that  operation.  Another 
laid  aside  of  it  a  piece  of  pumpkin  seed,  which  represented  the  corn. 
Another  taking  up  the  song,  related  how  he  hatl  shot  fish,  and  another 
shaving  was  the  arrow.  An  impromptu  string  a  couple  of  inches  long, 
twisted  out  of  the  cotton,  and  stained  re^  with  the  powder  from  some 
aunatto  seeds,  was  a  rope  with  which  he  had  led  a  cow,  bought  years  be- 
fore in  Terraba.  This  lasted  for  an  hour,  until  every  tool  or  weapon  he 
had  ever  used  was  represented  by  a  little  pile  of  seeds  and  shavings  on 
the  cotton.  IJut  he  was  a  great  man  and  his  "eagle  "  was  not  to  be  for- 
gotten. A  very  rude  imitation  of  it  was  cut  out  of  the  skin  of  the  yucai 
root  and  placed  on  top  of  all  his  other  property,  and  then  the  edges  of  tlio 
cotton  were  doubled  over  making  all  into  a  ball.  This  w-is  placed  on  his 
breast,  next  his  body,  and  he  was  thus  armed  and  equipped  with  all  he  had 
used  or  owned  in  this  world,  ready  for  use  in  the  other ;  and  his  heirs 
none  the  poorer. 

The  body  was  then  enveloped  in  the  piece  of  **mastate'*  or  bark  cloth 
that  he  had  used  as  a  blanker,  together  with  the  hammock  in  which  he 
swung.  A  quantity  of  "platanillo  "  leaves,  a  leaf  not  unlike  that  of  the 
plantain,  but  only  half  the  size  and  much  tougher,  were  placed  on  the 
ground,  two  or  throe  deep.  The  bundle  was  laid  on  this,  the  edges  of  the 
leaf  envelope,  doubled  over,  and  dexterously  tied  by  strips  of  bark  string 
and  the  whole  turned  out  a  very  respectable  Egyptian  mummy  done  in 
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green.  By  means  of  three  strings,  this  was  swung  under  a  pole,  ten  feet 
long,  raised  on  tlie  shoulders  of  two  men,  who  trotted  off  unconcernedly 
to  the  woods  a  mile  or  so  distant.  They  were  accompanied  by  two  or 
three  more,  armed  with  machetes. 

A  little  boy  whom  I  had  for  a  servant  for  a  few  months,  died  on  one  of 
my  journeys.  We  watched  by  him  and  did  all  in  our  power  to  save  him, 
and  were  assisted  by  two  of  our  men,  one  of  whom  was  an  ^^atca ''  or 
doctor.  As  soon  as  we  saw  that  he  was  dying,  and  I  had  given  up  the 
last  hope,  the  awa  took  charge.  He  motioned  us  all  off.  From  that  mo- 
ment the  moribund  becomes  unclean  and  only  the  awa  can  touch  him. 
As  soon  as  we  pronounced  him  dead,  the  doctor  covered  him  up.  Next 
morning,  the  death  taking  place  about  midnight,  without  ceremony  he 
was  bundled  up  in  his  blanket  and  the  usual  leaves,  and  carried  off  in  the 
same  manner  to  the  bush.  But  he  was  of  no  consequence.  Only  a  boy 
who  was  nobody  and  had  done  nothing.  I  mention  this  case  to  show  the 
difference  in  treatment,  according  to  the  person. 

Next  to  a  woman  in  her  first  pregnancy,  the  most  ha-ku-ru'  (unclean) 
thing  is  a  corpse.  An  animal  that  passes  near  one  after  it  is  placed  in  its 
temporary  resting-place,  is  defiled  forever,  and  must  be  killed,  as  unfit  for 
food.  Accordingly,  an  unfrequented  spot  is  selected,  where  tame  pigs  or 
cattle  never  go.  Here  a  low  bench  is  made  of  straight  sticks,  about  the 
size  of  a  coffin,  raised  a  foot  or  two  from  the  ground  ;  it  is  carefully  fenced 
in  ;  the  corpse  is  laid  on  it,  and  the  whole  is  then  covered  with  another 
horizontal  layer,  making  a  sort  of  box,  carefully  bound  together  with 
vines.  Over  all,  a  pile  of  brandies  and  brush-wood  is  thrown  so  that 
buzzanls  and  other  carrion-eating  animals  cannot  obtain  access  to  the 
body.  The  body  remains  here  about  a  year,  to  allow  complete  decompo- 
sition. 

In  the  meantime,  the  family,  or  next  of  kin,  on  whom  devolves  the  re- 
sponsibility, proceeds  to  secure  a  sufficient  number  of  animals,  pigs,  or 
beeves,  according  to  the  importance  of  the  defunct.  He  also  plants  a 
corn-field,  to  supply  the  material  for  the  chicha.  About  a  year,  more  or 
less,  after  the  death,  one  or  more  priests  are  engaged.  Generally  one  is 
sought  and  he  selects  his  assistants.  For  an  ordinary  person,  one  is  suf- 
ficient ;  while  for  a  chief,  or  person  of  distinction  half-a-dozen  are  hardly 
enough.  The  chief  fixes  the  time  when  he  will  be  ready.  Another  offi- 
cial, a  steward,  called  Bi-ka'-kra  is  also  engaged.  This  latter  personage 
takes  entire  charge  as  commissary  and  master  of  ceremonies.  Under  his 
direction,  the  corn  is  ground  for  the  chicha.  The  number  of  bunches  of 
plantains  that  he  orders,  is  obtained  ;  the  animals  are  killed  and  cooked 
as  he  directs  ;  and  the  food  and  drink  are  served  to  whom,  and  in  what 
quantities  he  designates.  The  host  resigns  all  to  him  and  becomes  thence- 
forth merely  a  guest,  until  all  is  over. 

When  the  day  approaches,  a  party  goes  to  the  place  where  the  body 
was  deposited.  One  person,  set  apart  for  similar  unclean  work,  opens 
the  package,  cleans  and  re-arranges  the  bones  and  does  them  all  up  in  a 
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bundle  about  two  foet  long  ;  enveloped  in  a  piece  of  cloth  of  native  make, 
prepared  by  being  painted  in  an  allegorical  manner. 

These  cloths,  about  four  feet  long  by  tv^o  wide,  are  painted  ivith  a  led 
vegetable  juice,  in  figures  two  to  four  inches  long.  The  devices  vary  ac- 
cording to  the  cause  of  the  death  of  the  individual ;  whether  it  be  from 
fever  or  other  disease,  old  age,  snake  bite,  wounds,  &c.  One  of  these 
cloths,  in  the  Smithsonian  museum,  is  painted  for  a  person  who  is  sup- 
posed to  have  died  from  snake  bite. 

The  bones,  having  been  tied  up  in  the  new  bundle,  are  carried,  again 
under  a  pole,  to  the  house  where  the  feast  is  to  be  held,  and  are  there 
placed  on  a  little  rack  overhead,  out  of  the  way  of  persons  passing  under- 
neath. 

Everything  being  ready,  the  first  installment  of  food  cooked,  the  chi- 
cha  brewed,  and  chocolate  boiled,  the  feast  begins. 

I  had  the  rare  good  fortune,  not  only  to  witness  the  ceremony  at  the 
death  of  the  persons  mentioned  above,  but  also  to  be  present  at  the  death 
feast  of  the  chief  Santiago.  That  is  to  say,  I  saw  all  that  happened  on 
the  first  and  the  last  days ;  the  intervening  thirteen  or  fourteen  being  all 
alike  ;  a  succession  of  eating,  drinking,  dancing ;  a  disgusting  scene  of 
carousal  and  debauch  that  did  not  possess  even  the  merit  of  variety. 

The  feast  w^as  held  in  a  large  house,  adjoining  the  residence  of  the 
chief  Birche.  The  house  is  about  seventy-five  feet  long  and  forty  wide  ; 
the  ends  being  round,  and  the  only  light  entering  by  the  large  doorway 
left  open  at  one  end.  A  little  rack,  made  of  wild  cane  was  tied  up  to  the 
bloping  side  of  the  house,  about  eight  feet  from  the  fioor,  and  on  this  was 
laid  the  bundle  containing  the  disjointed  skeleton  of  the  murdered  chief. 
At  a  given  signal,  the  principal  singer  or  priest  took  his  position  on  a  low 
stool,  Hanked  by  the  other  priests  and  some  volunteers.  All  were  regaled 
with  chocolate  served  in  little  gourds.  The  priest  began  a  low  chant  and 
two  men  started  twirling  the  stick  to  light  the  fire.  As  fast  as  one  tired, 
another  took  his  place  until  the  sparks  glowed  in  the  pit  bored  in  the 
lower  stick.  A  yell  from  the  priest  announced  this,  and  a  piece  of  cotton 
wool  was  ignited  from  the  burning  dust  ;  with  this  the  fire-wood,  pre- 
viously prepared,  was  lighted  and  the  fire  placed  under  the  romains. 
Here  it  was  kept  up  until  the  end  of  the  feast.  After  the  lighting  of  the 
fire,  singing  and  dancing  began  in  earnest,  interrupted  occasionally  by 
eating  and  drinking. 

The  dances  are  very  similar  ;  the  principal  diflerences  visible  to  an  ob- 
server arc  in  the  disposition  of  the  dancers,  whether  in  a  circle  or  in  one 
or  two  straight  lines.  In  the  latter  case,  the  two  lines  are  parallel,  and 
the  dancers  face  each  other.  The  dancing  is  kept  up  to  the  ^'  music  "  of 
small  drums,  carved  out  of  a  soli<l  piece  of  wood,  with  a  single  head, 
made  of  the  bully  skin  of  the  iguana  ;  the  other  end  is  0])en.  The  drum 
is  held  undor  the  left  arm,  and  is  beaten  with  the  tips  of  the  lingers  of 
the  right  hand.  The  drummers,  ranged  in  a  line,  sing  a  monotonous 
Bong,  with  a  chorus  ;  the  time  being  beaten  on  the  drums.    Sometimes  a 
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dried  armadillo  skin  is  scraped  with  a  large  bean-like  seed  ;  in  the  same 
manner  as  I  have  seen  the  negroes  of  the  West  Indies  scrape  a  roughened 
calabash  with  a  bone.  The  dancers  clasp  each  other  over  the  shoulder, 
around  the  waist,  or  hook  arms ;  both  sexes  taking  part  in  the  dancing, 
but  not  in  the  singing  or  drumming,  these  being  the  especial  province  of 
the  men.  The  steps  are  usually  about  three  forward  and  to  one  side,  and 
then  the  same  number  backward.  When  arranged  in  a  circle,  this  carries 
them  gradually  around  the  musicians.  When  in  a  straight  line,  they  keep 
on  the  same  spot.  The  songs  are  a  sort  of  recitative,  sometimes  im- 
promptu, sometimes  of  fixed  words  ;  the  chorus  a  sort  of  ''fol-de-rol,"  a 
series  of  meaningless  syllables.  These  songs  for  dancing  must  not,  how- 
ever, bo  confounded  with  the  sacred  songs  of  the  priests,  of  which  I  shall 
have  occasion  to  make  fuller  mention  in  the  proper  place. 

The  dances  are  kept  up  nearly  all,  and  sometimes  all  night  at  the 
funeral  feast ;  the  participants  retiring  from  time  to  time  and  sleeping  an 
hour  or  two  when  exhausted,  and  returning  with  renewed  vigor  to  chi- 
cha  drinking,  eating,  and  dancing.  It  is  paiticularly  on  these  occasions, 
whep  the  older  people  are  too  drunk,  or  too  busy  to  keep  strict  watch, 

that  the  younger  folks  manage  to  evade  their  vigilance  and .     These 

eminently  practical  courtships  almost  invariably  precede  the  asking  of 
the  father's  consent  by  the  would-be  bridegroom. 

After  more  than  two  weeks  of  this  license  and  debauchery,  during 
which  three  cows,  about  a  dozen  pigs,  hundreds  of  bunches  of  plantains, 
several  (juintals  of  rice,  and  hundreds  of  gallons  of  chicha  had  been  de- 
voured, the  hi-kor-kra  or  steward  announced  that  the  commissary  had 
given  out  and  the  riot  must  come  to  an  end.  I  was  notified  according 
to  previous  agreement  and  went  at  the  time  appointed.  As  distinguished 
guests,  our  party  of  four  were  shown  to  the  best  hammocks,  where 
we  were  seated,  and  in  a  few  minutes  served  with  cups  of  chocolate.  In  a 
little  while,  all  of  the  priests  seated  themselves  on  low  benches,  the  leader 
in  the  middle.  The  lay  chorus  singers  were  ranged  in  a  double  line 
facing  each  other  and  below  the  priests.  The  fire  was  carefully  carried 
from  its  place  under  the  corpse  and  piled  almost  between  the  feet  of  the 
principal  priest.  All  drank  chocolate  and  the  priests  sounded  their 
rattles.  The  leader  began  a  low  dirge-like  song  in  the  sacred  jargon, 
which  I  was  told  described  in  detail  the  journey  of  the  defunct  to  the  other 
world.  It  told  of  the  dangerous  rivers  he  had  to  cross,  where  alligators 
lay  in  wait  to  devour  him  ;  of  the  great  serpents  who  disputed  his  path  ; 
of  the  high  hills  he  had  to  climb  with  weary  steps  ;  of  the  fearful  preci- 
pices he  must  scale  ;  of  the  beautiful  birds  with  sweet  songs,  compared 
with  which  even  the  fiute-like  silguero  was  as  a  crow ;  of  the  gorgeous 
butterflies  that  lightened  up  the  path  like  fiying  flowers,  and  finally  of 
his  safe  arrival  at  the  country  of  the  great  Si-bu,  where  he  would  have 
nothing  to  do  but  eat,  drink,  sleep,  and  enjoy  himself. 

The  song  was  divided  into  stanzas,  and  the  priests  all  followed  the  lead 
of  their  chief,  the  words  being  a  series  of  set  phrases,  but  in  a  language 
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in  part  unintelligible  to  the  uninitiated.  At  the  end  of  each  stanza  was 
a  chorus,  where  the  priests,  who  during  the  stanza  kept  time  with  their 
rattles,  now  gave  a  peculiar  twirl,  and  the  lay  singers  joined  in  the  chorus. 

As  the  song  approached  its  end,  the  leader  was  furnished  with  a 
big  gourd  of  steaming  chocolate,  holding  about  a  quart.  As  he  finished, 
landing  the  dear  departed  safe  beyond  further  troubles,  he  announced  it 
with  a  most  unearthly  yell,  in  which  all  hands  joined ;  he  at  the  same 
time  tuniing  the  chocolate  over  the  tire,  totally  extinguishing  it.  The 
party  at  once  arose  and  for  a  minute  or  two  all  was  bustle  and  confusion 
of  preparation. 

A  person,  whose  office  it  is  to  handle  the  dead,  endeavored  to  lower  the 
bundle  but  it  was  a  little  out  of  his  reach.  Nobody  else  could  touch  it 
for  fear  of  deflling  himself.  To  lend  a  hand  would  have  cost  an  Indian 
three  days  of  purification.  I  drew  my  long  knife,  which  all  learn  to  carry 
in  this  country,  as  an  actual  necessity ;  and  with  a  couple  of  blows  cut 
the  fasteiiin^rH  and  brought  the  little  cane  rack,  bundle  of  bones  and  all, 
tumbling  iuto  the  outstretched  arms  of  the  official,  with  much  more  haste 
than  Boleniuity.  Nobody  seemed  shocked,  and  being  a  foreigner,  and 
withal  a  medicine  man,  who  had  made  cures  where  their  best  doctors  had 
failed,  I  was  of  course  impregnable  to  hu-ku-ru'.  The  aforesaid  official 
now  lashed  the  package  to  its  stick,  and  two  long  slender  strings  of  loose- 
ly twisted  cotton  were  tied  to  the  bead  of  the  package. 

Santiago  ha<l  had  three  wives.  One  of  tbcm  had  re-married  to  his  suc- 
cessor ;  but  there  were  two  remaining  in  widowhood.  A  procession  was 
formed.  First  came  the  priests  with  their  rattles.  Next  the  chorus 
sin/^ers  with  their  drums.  Next  the  corpse,  borne  by  two  men,  and  pre- 
cedtnl  by  the  two  widows,  each  holding;  tlio  end  of  one  of  the  cotton 
strings,  leading  the  dead,  as  it  were,  to  his  tinal  restin<;-place.  Next 
ourselves,  as  the  most  distinguished  persons  present,  and  escort '^d  by  the 
two  cliiefs.  Behind  us  came  the  older  men,  and  followin«^  them  the  usual 
rag,  tay:,  and  bob-tail  of  young  men,  women,  boys,  and  persons  of  no  ac- 
count generally.  Some  of  the  boys  however,  true  to  boy  nature,  wero 
as  usual  irrei)ressible,  and  instead  of  keeping  decorously  in  place,  skir- 
mished ahead,  and  on  the  Hanks  of  the  procession,  roountinjjj  stumps, 
logs,  or  other  commanding  points  to  take  in  the  general  ettect.  of  tho 
l)ageaut.  As  the  procession  filed  out  of  the  house,  some  old  chicha  jars 
wero  carried  out  and  ostentatiously  broken ;  but  I  observed  that  nothing 
of  real  value  was  destroyed.  As  soon  as  the  line  got  fairly  under  way,  the 
priests  struck  up  another  song  which  was  kept  up  until  tlie  procession 
halted. 

Everybody  had  been  on  so  long  a  debauch  that  it  was  decided  to  take 
a  rest  of  three  or  four  days  before  the  party  started  oflf.  Hut  it  was 
necessary  that  the  bones  should  be  removed  from  the  house.  A  tempo- 
rary ranch  had  therefore  been  built  a  few  hundred  yards  distant ;  and  to 
this  the  remains  were  carried  and  deposited  until  the  bearers  wore  in  a 
tit  condition  to  proceed. 
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The  final  disposal  of  the  remains  is  a  matter  of  great  care.  The  whole 
of  the  tribe  goes  to  the  district  of  Bri-brl  for  this  purpose.  The  recepta- 
cle is  a  square  pit,  about  four  feet  deep  and  ten  feet  square.  This  is 
paved  on  the  bottom  with  stones,  and  is  roofed  over  from  the  weather, 
by  a  series  of  heavy  hewn  slabs  of  a  very  durable  wood,  open  on  the  front 
and  ends,  and  sloping  to  the  ground  at  the  back.  Each  family  possesses 
one  of  these  pits  and  here,  after  the  funeral  feast,  the  bundle  of  bones  is 
carried  and  deposited.  After  the  rest,  the  remains  of  Santiago  were 
carried  to  the  *'  royal"  pit  and  deposited  without  further  ceremony. 

The  Cabecars,  according  to  Mr.  Lyon,  have  about  the  same  ceremony, 
but  their  pits  are  mere  holes,  not  paved,  and  covered  by  planks  laid  on 
the  ground  level. 

The  Tiribis  have  a  death  feast,  but  it  differs  in  some  respects  from  the 
others.  The  body  is  buried  immediately  after  death,  but  no  longer  with 
the  property  of  the  deceased,  and,  of  course,  the  defunct  is  not  present  at 
his  final  feast,  as  with  the  Bri-bris. 

Mr.  Lyon,  to  whom  I  owe  much  of  the  infoimation  in  the  present 
memoir,  has  described  to  me  one  circumstance,  in  connec'  ion  with  these 
death  feasts,  that  I  have  not  witnessed.  The  warriors  among  the  Bri- 
bris,  who  fought  in  the  war  with  the  Tiribis  were  honored  with  a  little 
different  ceremonial.  They  are  now  all  gone,  and  the  ceremony  is  ex- 
tinct. At  the  death  feast,  a  person  entered,  clad  in  a  long  gown,  wig, 
and  mask.  The  gown  and  wig  were  made  of  mastate,  or  bark  cloth, 
covered  with  **old  man's  beai-d"  moss,  sewed  all  over  it,  making  a  shaggy 
and  nearly  shapeless  mass.  The  mask  was  made  of  half  a  **  tree  calabash," 
properly  fixed  up  with  a  wax  nose,  &c.  A  copy  of  this  entire  dress  was 
made  for  me  by  an  old  Indian,  and  is  now  in  the  Smithsonian  museum. 
The  person  thus  accoutred,  took  part  in  the  dance,  made  free  with  the 
women  and  scared  the  children  without  let  or  hindrance.  Mothers  with 
young  children  took  them  to  him  and  placed  them  for  a  moment  on  his 
shoulder,  **to  prevent  the  evil  spirit  from  doing  them  harm.**  Neither 
Lyon  nor  the  Indians  could  give  me  a  very  clear  account  of  what  spirit, 
whether  good  or  evil,  this  ^presented.  But  the  people  seemed  to  regard 
him  as  rather  of  the  malevolent  sort ;  to  be  classed  under  the  general 
head  of  '*  7?^*  or  Devil.  Doubtless  this,  at  one  time  had  a  distinct  mean- 
ing:, now  lost. 

No  strictly  religious  belief  can  be  said  to'  exist  among  these  Indians,  in 
the  sense  that  it  is  usually  understood  among  us.  They  have,  however, 
a  series  of  ideas  or  beliefs  which  affect  their  daily  lives  and  are  never  lost 
sight  of.  In  connection  with  the  funeral  feast,  described  above,  I  have 
referred  to  their  idea  of  a  future  state. 

During  the  year  that  the  body  lies  in  the  woods,  the  disembodied  spirit 
prowls  around,  living  on  wild  fruits,  of  which  the  wild  cacao  is  the  only 
one  of  which  I  know  the  name,  altliough  others  weie  also  pointed  out  to 
me.  At  the  end  of  that  time,  when  the  funeral  fire  is  kindled,  the  spirit 
is  thus  attracted  to  the   feast,  whence  it  departs  on  its  final  journey. 
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"When  I  asked  au  Indian  where  it  went,  he  responded,  to  the  country  of 
Si-bu'y  and  in  reply  to  the  question ;  where  is  that?  he  pointed  un- 
hesitatingly to  the  zenith.  On  inquiring  where  the  road  was,  he  told  me  it 
was  invisible  to  the  eyes  of  the  living,  but  that  the  spirit  (wig'bru)  could 
see  it. 

In  the  other  world  there  are  no  troubles,  no  cares.  There  is  plenty  to 
eat  and  to  drink,  of  those  things  that  the  Indian  loves  most  here.  Plan- 
tains and  corn  are  never  wanting  ;  meat  and  chicha  are  always  to  be  had  ; 
and  chocolate,  the  luxury,  par  excellence  of  the  Costa  Rican  Indian  never 
runs  out,  or  becomes  scarce  as,  alas  too  often,  it  does  in  Talamanca.  He 
needs  all  his  arms  and  implements,  but  it  does  not  seem  that  he  will  be 
obliged  to  work.  These  little  discrepancies,  the  wisest  Tsu-gur  does  not 
attempt  to  explain.  After  death,  the  soul  remains  wandering  about  near 
the  corpse  until  the  burial  feast.  Then,  by  meaas  of  the  songs  of  the 
TstL-gurs  or  priests,  it  makes  its  journey  to  the  ''promised  land.'' 

Their  superstitions  are  however,  somewhat  more  definite  and  tangible 
since  they  affect  their  every  day  actions.  There  are  two  classes  of  un- 
cleanness,  nya  and  bu-ku-ru',  Aoything  that  is  essentially  filthy,  or  that 
was  connected  with  the  death  of  a  ])erson  is  *^  nya,^^  anything  unclean  in 
the  Hebraic  or  Hindu  sense  is  bu-ku-ru'.  But  ba-ku-ru'  is  even  more 
powerful  than  it  is  supposed  to  be  by  the  Orientals.  It  suffices  not  only 
to  make  one  sick,  but  even  kills.  In  a  party  where  bu^ku-ru'  is  excited, 
it  does  not  tiffect  all  alike,  but  only  attacks  the  weakest.  Ba-kur-ru' 
emanates  in  a  variety  of  ways  ;  arms,  utensils,  even  houses  become  affected 
by  it  after  long  disuse  and  before  they  can  be  used  again  must  be  puri- 
fied. In  the  case  of  portable  objects  left  undisturbed  for  a  long  time,  the 
custom  is  to  beat  them  with  a  stick  before  touching  them.  I  have  seen  a 
woman  take  a  long  walking  stick  and  beat  a  basket  hanging  fram  the 
roof  of  a  house  by  a  cord.  On  asking  what  that  was  for,  I  was  told  that 
the  basket  contained  her  treasures,  that  she  would  probably  want  to  take 
something  out  the  next  day  and  that  she  was  driving  off  the  bu-ku-ru\ 
A  house  long  unused  must  be  swept  and  then  the  person  who  is  purifying 
it  must  take  a  stick  and  beat  not  only  the  movable  objects,  but  the 
beds,  posts,  and  in  short,  every  accessible  part  of  the  interior.  The  next 
day  it  is  fit  for  occupation.  A  place  not  visited  for  a  long  time  or  reached 
for  the  first  time,  is  bu-ku-ru'.  On  our  return  from  the  ascent  of  Pico 
Blanco,  nearly  all  the  party  suffered  from  little  calenturas,  the  result  of 
extraordinary  exposure  to  wet  and  cold  and  of  want  of  food.  The  Indians 
said  that  the  peak  was  especially  bn-ku^ru',  since  nobody  had  ever  been 
on  it  before.  Even  we  foreigners  were  sick  from  it,  and  had  any  of  them 
gone  to  the  summit,  they  would  have  surely  died.  On  one  occasion,  while 
buying  some  implements,  I  pulled  down  off  a  rack,  two  or  three  ''blow 
guns''  that,  from  the  dust  on  them,  must  have  lain  there  undisturbed  for 
weeks,  i>erhaps  months.  As  I  reached  6ut  my  hand,  I  beared  the  warn- 
ing cry  of  ^^bv^ku-ru'  "  from  all  around  ;  laughingly  disregarding  it,  and 
telling  them  that  bu-ku-ru'  couldn't  hurt  us,  I  began  examining  them. 


1876.]  *^05  [Oabl». 

Some  of  the  people  looked  very  serious  and  shaking  their  heads,  said  I 
would  see  before  long,  that  somebody  would  pay  for  it.  Two  or  three 
weeks  after,  a  fine  little  Indian  boy  whom  I  had  with  me  as  a  servant^ 
poisoned  himself  by  eating  excessively  of  a  kind  of  wild  almond  called 
variously  the"  bri-bri,"  or  "  eboe  "  nut.  There  was  not  an  Indian  in  that 
party  but  who  firmly  believed  that  it  was  the  bu-kit-ru'  of  the  blow-guns 
that  killed  him.  From  all  the  foregoing,  it  would  seem  that  bu-ku  ru'  is 
a  sort  of  evil  spirit  that  takes  possession  of  the  objects,  and  resents  being 
disturbed;  but  I  have  never  been  able  to  learn  from  t!ie  Indians  tliat  they 
consider  it  so.  They  seem  to  think  of  it  as  a  property  the  object  acquires. 
But  the  worst  hu-ku-ru'  of  all,  is  that  of  a  young  woman  in  her  first 
pregnancy.  She  infects  the  whole  neighborhood.  Persons  going  from  the 
house  where  she  lives,  carry  the  infection  with  them  to  a  distance,  and  all 
the  deaths  or  other  serious  misfortunes  in  the  vicinity  are  laid  to  her  charge. 
In  the  old  times,  when  the  savage  laws  and  customs  were  in  full  force,  it 
was  not  an  uncommon  thing  for  the  husband  of  such  a  woman  to  be . 
obliged  to  pay  damages  for  casualties  thus  caused  by  his  unfortunate  wife. 
Nya  (literally  filth)  is  a  much  less  serious  aftair.  As  soon  as  the  woman 
iB  delivered  of  her  child,  she  ceases  to  be  bu-ku-ru^  but  becomes  nya  and 
has  to  be  purified  in  the  manner  already  described.  All  the  objects  that 
have  been  in  contact  with  a  pei-son  just  dead,  are  nya  and  must  be  either 
thrown  away,  destroyed,  or  purified  by  a  'doctor.'  He  can  handle  them, 
but  must  purify  himself  afterwards.  The  persons  who  assist  in  prepar- 
ing the  corpse,  who  carry  it  to  the  temporary  resting-place,  or  who  even 
accidentally  touch  it  or  the  unclean  things,  are  all  nya  and  must  be 
purified. 

Purification  from  this  latter  uncleanness  is  a  simple  matter.  The  per- 
son washes  his  hands  in  a  calabanh  of  warm  water,  the  **  doctor ''  blows  a 
few  whiffs  of  tobacco-smoke  over  him,  and  the  thing  is  done.  But  the 
former  is  much  more  serious.  For  three  days  the  patient  eats  no  salt  in 
his  food,  drinks  no  chocolate,  uses  no  tobacco,  and  if  a  married  man, 
sleeps  apart  from  his  wife.  At  the  expiration  of  that  time,  the  warm 
water  and  tobacco  smoke  are  called  into  requisition  and  the  cleansing  is 
complete. 

Of  Gods,  deities,  spirits,  or  devils,  there  are  as  follows ;  the  "  great 
spirit "  or  principal  superhuman  being  is  called  Si-bu'  by  the  Bri-bris  and 
by  the  Cabecars  ;  by  the  Tiribis  ho  is  called^Zi-6<?',  by  theTerrabas  Zn-bo- 
and  by  the  Borucas,  Si'-buh,  A  good  spirit,  from  whom  nothing  is  to  be 
feared,  he  receives  a  sort  of  passive  respect,  but  no  adoration  or  worship. 
He  is  rather  looked  on  as  the  chief  of  the  good  country,  of  the  future 
state,  but  as  not  troubling  himself  much  about  mundane  matters.  It 
will  be  seen,  therefore,  that  in  their  theology,  the  entire  family  of  tribes  is 
essentially  monotheistic,  although  they  have  taken  the  first  insensible 
step  towards  a  plurality  of  gods,  in  the  manner  so  admirably  indicated 
by  Max  Miiller,  in  his  **  Chips  from  a  German  Workshop.'*  They  believe 
in  but  one  God,  and  assert  his  unity  with  an  emphasis  worthy  of  Moslems 
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and  yet  their  priests  give  him  twenty  names,  in  their  songs.  These 
names,  so  far  as  I  could  ascertain,  all  refer  to  his  qualities.  One  Bri-brl, 
whom  I  had  with  me  as  a  servant  for  over  half  a  year,  and  from  whom  I  ob- 
tained much  valuable  information,  particularly  in  regard  to  the  language, 
said  to  me,  ''Why  do  you  foreigners  ask  us  how  many  Gods  there  are ? 
There  is  only  one,  and  that  is  8i-bu'.^^ 

The  Devil,  or  devils,  are  minor  personages,  who  receive  no  worship  of 
any  kind.  They  are  called,  Bi,  by  the  Bri-bris  and  Cabecars,  Au  in 
Tiribi,  Auh  in  Terraba,  and  Ka-gro'  in  Boruca.  The  devil  is  generally 
malevolent,  but  does  not  seem  to  be  specially  feared.  Bi  amoog  the  Bri- 
bris  is  a  term  also  used  for  a  variety  of  lesser  devils,  or  evil  spirits  who 
have  special  missions,  like  making  people  sick,  &c.  Some  of  these  in- 
habit the  less  fi-equented  parts  of  the  forests  and  mountains,  and  are 
very  jealous  of  their  domains.  People  entering  an  unfrequented  region, 
make  as  little  noise  as  possible.  If  they  make  the  local  Bi  angry  with 
their  noise,  he  will  revenge  himself  by  a  shower  or  by  causing  somebody 
to  fall  and  hurt  himself,  or  to  be  bitten  by  a  snake,  &c.  A  person  who 
has  once  been  in  these  places  cin  return  with  less  risk,  but  all  neW-comers 
must  keep  at  least  a  comparative  silence.  Another  class  of  beings  inhabit 
the  rocks  on  the  summits  of  certain  mountain  peaks.  They  live  inside 
the  rocks,  not  among  them,  consequently  their  habitations  are  undis- 
tinguishable  to  mortal  eyes.  They  seem  to  have  the  same  habits  as 
ordinary  humans.  One  of  these  peaks,  a  mile  or  two  across  a  caiion,  in 
front  of  a  place  called  Sar-we,  is  thus  inhabited  according  to  the  accounts 
of  the  people  of  Sar-we.  They  told  me  of  hearing  singing,  the  beating 
of  drums,  &c.,  coming  from  that  direction.  The  configuration  of  the 
hills  is  such  that  a  glance  showed  me,  that  a  drum  beaten  at  certain  of 
the  houses  in  the  caflon  of  Uren,  would  echo  back  from  this  hill  to  Sar-we 
and  thus  account  for  the  sounds.  These  people  of  the  U-jumSf  as  the 
naked  peaks  are  called,  are  said  to  be  the  owners  of  the  tapirs  which 
roam  through  these  solitudes.  They  are  very  jealous  of  their  domains 
and  cause,  by  some  occult  means,  the  death  of  any  one  who  dares  ap- 
proach their  homes.  I  could  not  induce  an  Indian  to  accompany  us  to 
the  summit  of  Pico  Blanco,  partly  on  account  of  bu-kti-ru',  and  perhaps 
more  still  for  fear  of  the  people  of  the  U-jum  or  peak.  In  addition  to 
these  beliefs,  they  also  believe  in  the  efficacy  of  incantation  by  their  Awas 
or  doctors,  of  whom  more  immediately  ;  and  further  in  certain  ceremo- 
nies or  observances  of  their  own.  I  have  seen  a  woman  carefully  collect 
a  bunch  of  some  weed  and  taking  it  to  the  river  wash  her  fjvce,  neck, 
breast,  and  arms  with  it.  This  was  to  bring  good  luck  to  the  men  who 
were  at  the  time  at  work  turning  a  stream  to  dry  its  bed,  for  the  purpose 
of  catching  fish.  She  had  her  reward  ;  hundreds  of  fish  of  2  to  4  pounds 
weight  were  captured,  and  of  a  quality  as  fine  as  shad. 

There  is  a  peculiar  wood,  of  which  I  shall  have  occasion  to  speak 
further  on,  used  only  for  walking  sticks  for  the  chiefs  and  more  eminent 
persons.    The  growing  tree  is  unknown  and  it  is  only  obtained  by  the 
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accidental  discovery  at  rare  intervals,  of  a  half-rotten  trunk  in  the  woods. 
It  is  prized  principally  for  its  color,  which  is  between  that  of  old  maUog- 
aoy  and  rosewood,  and  which  is  probably  in  part  due  to  seasoning,  or  to 
some  change  in  the  heart,  consequent  on  the  decomposition  of  the  sur- 
face. When  an  Indian  finds  one  of  these  sticks,  he  marks  the  spot,  but 
dares  not  take  possession  immediately.  He  must  purify  himself  by  a 
three  days  fast  before  he  can  begin  work  on  it.  It  is  believed  that  these 
sticks  are  under  the  protection  of  a  poisonous  snake,  and  if  the  person 
has  not  properly  prepared  himself,  the  guardian  will  revenge  the  outrage 
by  biting  him. 

The  privileged  classes,  apart  from  the  chiefs,  are  three.  Two  of  these 
are  hereditary.  The  U-se'ka-ra  is  a  sort  of  high  priest,  and  is  of  nearly 
as  great  importance  in  the  eyes  of  the  people  as  the  chief.  In  fact,  the 
time  was,  and  not  very  long  ago  either,  when  the  chiefs  themselves  made 
journeys  to  visit  him  as  suppliants.  The  present  incumbent  is  a  youth 
of  perhaps  twenty-five  years  of  agp,  and  is  not  yet  full  fledged.  His  pre- 
decessor, his  father,  died  recently,  and,  until  after  the  funeral  feast,  he 
cannot  enter  fully  into  the  exercise  of  his  functions.  The  family  lives  far 
back  in  the  hills  of  Cabecar,  and,  although  a  member  of  that  despised 
tribe,  has  from  time  immemorial  held  undisputed  sway  over  both  it  and 
the  Bri-bris. 

The  former  U-se'-ka-ra  was  very  arrogant,  and  would  hold  no  commu- 
nication with  foreigners.  He  claimed  supernatural  powers,  and  held  fre- 
quent interviews  with  spirits.  On  these  O'  casions  he  went  alone  to  a  cave, 
several  miles  from  his  house,  and  spent  days  together  th^re.  On  his. 
return  he  would  not  converse  even  with  his  own  family.  Nobody  but  his 
familiar,  now  a  very  old  man,  was  allowed  to  serve  him,  or  even  to  speak 
to  him  for  a  certain  number  of  days  after  his  return  from  one  of  these 
mysterious  journeys.  He  rarely  traveled  about,  or  visited  his  neighbors. 
He  lived  by  levying  contributions  on  the  people,  or  by  voluntary  presents. 
His  only  beverage  was  chocolate,  and  the  cacao  was  contributed  as 
voluntary  gifts  from  people  far  and  near.  If  he  entered  a  house,  and 
offered  to  buy,  or  expressed  even  admiration  for  anything,  whether  a 
chicken,  a  pig,  or  any  other  object,  it  was  at  once  presented  to  him.  It 
was  considered  as  good  as  forfeited.  If  not  presented,  it  would  be  sure 
to  die  anyhow,  and  his  ill-will  would  be  gained  besides.  In  case  of  any 
public  calamity,  like  an  epidemic  disease,  or  a  scarcity  of  food  from 
drought,  the  chief  only  must  visit  him,  and  beg  his  intercessions  with  the 
spirits.  He  would  pay  no  attention  to  private  appeals.  In  case  he  felt 
inclined  to  be  gracious,  he  would  retire  to  hi 3  cave,  and  in  due  time  after 
order  a  fast.  The  young  man  who  now  holds  the  position,  is  one  of 
the  tlnest  looking  men  in  the  country.  He  is  tall  and  well  formed,  his 
good-natured  looking  face  bears  an  expression  of  seriousness  hardly  in 
keeping  with  his  youth  ;  and  his  whole  bearing  is  grave  and  impressive. 
I  was  forcibly  struck  by  his  manner,  being  so  strongly  in  contrast  with 
the  light-hearted,  talkative  character  of  most  of  the  people.     When  iu 

A.  p.  S. — VOL.  XIV.  3n 


Qabb.]  508  [Aug.  20, 

Cabecar  he  visited  us  twice,  and  on  neither  occasion  did  he  speak,  except 
when  spoken  to,  unless  it  was  to  make  some  remark,  in  very  frw  words, 
and  in  a  low  tone  of  voice,  to  some  of  his  attendants.  His  dress  consisted 
of  a  white  shirt,  not  over  clean,  a  woven  cotton  breech-cloth,  a  bright-red 
handkerchief,  tied  in  a  roll  around  his  head,  and  a  magnificent  necklace 
of  four  strands  of  large  tiger's  teeth.  He  sold  me  two  of  the  strings  for 
half-a-doUar,  and  I  presented  him  with  some  trifles,  among  which  was  the 
rather  suggestive  article,  a  bar  of  soap.  He  accepted  them  without  any 
acknowledgment.  But  then  they  don't  know  how  to  say,  "thauk 
you.'* 

Next  in  importance  are  the  Tsu'-gurs,  These  are  the  ordinary  priests, 
and  their  duties  are  confined  to  officiating  at  the  feast  for  the  dead.  Like 
the  preceding,  they  are  hereditary  ;  only  members  of  one  or  two  families 
can  become  priests,  and  these  seem  to  have  all  descended  from  a  common 
ancestor.  I  have  already  described  the  performances  of  the  Tsu'-gur  at  the 
death-feast  of  Santiago,  and  there  is  nothing  to  add  in  that  connection. 
Other  feasts  only  difier  in  the  less  degree  of  profusion  and  the  shorter 
time  they  occupy.  But  there  is  one  circumstance  of  which  I  have  said 
little,  and  that  has  always  seemed  to  me  mysterious.  Unfortunately,  from 
no  want  of  eftort  on  my  part^  I  was  not  successful  in  investigating  this 
more  thoroughly.  The  songs  of  these  priests  are  in  a  language,  dialect, 
or  jargon,  whichever  it  may  be  called,  in  great  part  unintelligible  to  the 
uninitiated.  Some  words  used  are  in  the  vernacular,  but  many  of  the 
nouns  are  peculiar.  Si-bUj  or  God,  has  at  least  twenty  names  ;  many  na- 
tui*al  objects  have  names  peculiar  to  the  piiests,  and  the  difierence  is  so 
great  that  not  only  I,  with  my  imperfect  knowledge  of  the  language,  but 
Mr.  Lyon,  who  speaks  it  as  well  as  an  Indian,  could  not  understand  even 
the  purport  of  the  songs.  These  songs  are  taught  by  rote  to  the  young 
candidates  to  the  priesthood,  and  are  always  rehearsed  by  the  priests 
apart,  before  being  sung.  I  made  several  efibrts  to  obtain  a  vocabulary,  but 
in  each  case  was  defeated,  rather  by  the  want  of  understanding  on  the  part 
of  the  priest,  than  from  any  unwillingness  to  impart  what  they  knew.  At 
lafrt  I  made  an  agreement  with  the  most  intelligent  and  best  informed  of 
them.  He  was  to  visit  me  at  a  certain  time  and  answer  all  my  questions 
— for  a  couhideration.  But  a  severe  attack  of  rheumatism  prevented  his 
coming  and  lost  me  the  last  chance.  I  have  no  theory  to  offer  as  to  the 
origin  of  this  singular  fact.  But  two  explanations  however,  seem  pos- 
sible. Either  the  whole  thing  is  an  invention,  which  I  think  hardly  proba- 
ble, or  the  system  is  an  exotic,  and  the  songs  are  in  the  original  language 
of  the  missionary  who  introduced  it.  I  can  hardly  express  my  regret  at 
failing  to  obtain  some  clue  to  so  interesting  a  problem. 

Finally  come  the  Aioas,  sorcerers,  or  doctors.  This  is  an  open  profes- 
sion, and  since  it  requires  but  little  preparation,  gives  certain  privileges 
ani  Ht^inding,  and  brings  occasional  emoluments,  it  is  pretty  numerously 
filled.  The  fellows  are  an  arrant  set  of  quacks,  and  I  do  not  believe  there 
is  a  single  one  who  acts  in  good  faith.    Nevertheless,  the  people  as  a  rule 
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believe  in  them.  Some  of  the  more  intelligent  or  more  civilized  of  the 
Indians,  those  who  have  been  most  in  contact  with  foreisrners,  take  for- 
eign medicines  when  sick,  but  they  are  the  exceptions.  Their  method  of 
purifying  an  unclean  person  has  already  been  described  under  the  heads 
of  child-birth  and  uncleanness.  Ttiey  also  claim  to  bring  or  drive  away 
rain.  To  do  this,  the  doctor  must  have  a  pipe  full  of  tobacco,  or  a  cigar. 
He  goes  into  the  open  air,  smokes,  blows  the  smoke  in  certain  directions, 
calling  out  in  an  imperative  tone  of  voice,  '*Rain,  go  to — "  whatever 
place  he  may  see  fit  to  designate.  Once  when  prisoners  between  two 
swollen  rivers,  forced  to  wait  for  them  to  fall  low  enough  for  us  to  ford  ; 
one  of  our  few  means  of  amusement  was  to  give  one  of  these  felk>ws,  in 
our  suite,  a  pipe  full  of  tobacco,  and  set  him  to  clearing  up  the  weather. 
He  would  go  outside  of  our  little  hut,  and  between  the  puffs  of  smoke 
would  call  out,  "Rain,  go  to  Panama,"  **go  to  Chiriqui,"  **go  to  Car- 
tago,'Mn  short,  to  every  remote  place  of  which  he  happened  to  know  the 
name.  It  took  him  ten  days  before  his  efforts  were  crowned  with  success, 
and  when  ultimately  the  blue  patches  did  begin  to  appear  in  the  sky,  he 
bad  the  effrontery  to  calmly  claim  it  as  his  doin^r !  They  also  claim  to 
'*blow"  a  proposed  route  of  travel,  so  as  to  drive  away  snakes  and  bring 
good  luck  on  the  route.  In  this  case,  the  modus  operandi  is  practically 
the  same  as  for  the  weather.  But  their  master  efforts  are  when  charming 
away  sickness.  To  see  the  process,  two  of  my  companions  feigned  sick- 
ness and  called  in  the  services  of  one  the  doctors.  He  caused  each  one 
to  procure  a  live  chicken.  Catching  the  animal  by  the  neck  and  heels  he 
made  passes  all  over  the  body  of  the  patient,  in  every  direction.  Any 
small  animal  will  answer.  Sloths,  opossums,  even  young  alligators  are 
used,  and  are  said  to  be  equally  eflficacious. 

After  some  minutes  of  this  niauipulation,  he  lighted  a  pipe  and  blew 
tobacco-smoke  at  them.  Having  given  them  numerous  injunctions  about 
diet,  such  as  forbidding  the  use  of  coffee,  tobacco,  pepper,  and  salt  for  a 
day  or  two,  he  went  outside  the  house,  and  spent  half  the  night  seated 
under  an  orange  tree,  singing  a  doleful  ditty,  enlivened  at  irregular 
periods  by  unearthly  howls  and  groans.  His  fee  for  all  this  was,  in  addi- 
tion to  the  two  fowls,  used  in  the  ceremony,  and  which  was  all  he  would 
have  received  from  an  Indian,  sixty  cents  from  one  and  forty  from  the 
other ;  the  fees  being  graduated  by  the  gravity  of  the  supposed  infirmi- 
ties. These  doctors  claim  that  their  powers  are  based  on  the  magic 
merits  of  certain  charms  they  carry  about  with  them.  These  charms  are 
supposed  to  be  calculi,  extracted  from  the  viscera  of  animals.  Our  friend, 
who  tried  to  change  the  weather,  possessed  three  of  these.  One  pur- 
ported to  be  from  the  liver  of  a  sloth,  another  from  the  bladder  of  some  other 
animal,  &c.  I  examined  them  with  a  glass,  and  am  convinced  that  they 
were  mere  fragments  of  little  calcareous  veins,  common  in  the  metamor- 
phic  rocks  of  the  country,  and  which  had  been  ground  smooth  by  friction. 
My  little  knowledge  of  medicine,  and  a  moderately  well-supplied  medi- 
cine-case, enabled  me  to  make  numerous  cures,  and  of  course  I  soon 
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acquired  the  title  of  Awa.  Wlien  asked  by  my  brother  professionals  to 
exhibit  my  charms,  I  always  gravely  produced  my  li  ttle  pocket  compass, 
which,  by  its  mysterious  Diovements,  never  failed  to  impress  them.  I 
never  could  persuade  the  boldest  to  touch  it. 

Three  kinds  of  fasts  are  observed.  The  first  is  only  when  ordered  by 
the  U-se'-ka  ra  on  great  public  occasions.  This  is  general  and  simulta- 
neous over  all  the  country.  Sufficient  food  is  prepared  beforehand  to  last 
for  three  days,  the  usual  time  fixed.  During  those  three  days,  no  fires 
are  lighted ;  the  food  is  served  and  eaten  in  silence  ;  no  unnecessary 
conversation  is  allowed ;  the  people  stay  strictly  inside  their  houses,  or  if 
they  go  out  during  day  time,  they  carefully  cover  themselves  from  the 
light  of  the  sun,  believing  that  exposure  to  the  sun's  rays  would  **tum 
them  black";  no  salt  or  other  condiment  is  used  in  the  food ;  no  chocolate 
is  drunk,  and  even  tobacco  is  forbidden.  The  second  kind  is  similar, 
though  less  rigid  than  the  first,  and  is  voluntary;  the  same  restrictions 
are  observed  with  reference  to  fires  and  food,  but  the  people  may  talk 
and  go  out,  avoiding,  however,  carefully  all  chance  of  contact  with 
hu-ku-ru'.  The  third  is  still  more  limited,  and  is  the  individual  fast 
already  referred  to  for  cleansing  from  bu-ku-ru'. 

The  feasts  are  of  two  classes ;  the  death  feast  already  described,  and 
re-unions  for  labor.  In  the  latter  case  ;  when  a  person  wants  to  do  an 
extraordinary  piece  of  work,  like  clearing  a  piece  of  forest  for  a  planta- 
tion, he  provides  a  suitable  quantity  of  food,  and  especially  of  chicha. 
On  the  day  appointed  his  neighbors  unite  early  at  his  house,  or  at  the 
spot  designated,  and  work  industriously  until  about  noon.  All  then  re- 
pair to  the  house,  and,  aft«r  a  good  round  of  chicha  drinking,  food  is 
served,  followed  by  more  chicha.  After  a  while  dancing  begins,  and  is 
kept  up  as  long  as  the  chicha  holds  out.  Sometimes  the  work  is  con- 
tinned  for  two  or  three  days,  but  always  ends  early  in  the  day,  the  after- 
noon and  evening  being  devoted  to  eating  and  especially  to  drinking. 

No  labor  can  be  accomplished  without  liberal  allowances  of  chicha,  and 
the  man  who  is  the  most  profuse  in  this  respect  is  the  best  fellow.  A 
man  will  sometimes  undertake  to  make  his  own  clearing,  unassisted,  but 
it  is  very  slow  work,  and  drags  on  at  the  rate  of  two  or  three  hours'  work 
a  day,  with  many  days  of  rest.  The  trees  once  cut  down,  the  man  will ' 
bum  ofi*  the  brush,  assisted  by  his  sons,  or  sons-in-luw,  if  he  has  any,  and 
then  plants  his  crop  ;  usually  corn  for  making  more  chicha.  After  that 
it  has  to  take  care  of  itself.  He  goes  out  occasionally  to  hunt,  fish,  or  some, 
times  to  bring  a  bunch  of  plantains.  When  the  com  is  nearly  ripe,  the 
boys  have  to  watch  it  to  scare  off"  the  parrots  and  pigs.  If  there  are  no 
boys  in  the  family,  then  all  hands  usually  go  and  occupy  a  little  shed  in, 
or  on  the  edge  of  the  cornfield.  They  feast  on  the  green  and  ripening 
corn  until  it  is  too  hard  to  boil,  and  then  collect  what  has  been  left  to 
ripen. 

The  labor  of  the  women  is  to  bring  plantains  and  water,  and  to  cook 
and  wash.     They  are  never  required  to  do  work  in  the  plantation,  unless 
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it  be  perhaps,  to  help  gather  and  to  help  carry  home  the  corn.  All  the 
sewing  is  done  by  the  men,  even  of  the  little  shirts  or  jackets  worn  by 
the  women.  In  carrying  loads,  the  women  rival  the  men  in  power  and 
endurance.  It  is  nothing  uncommon  to  sec  a  woman,  with  a  big  load  on 
her  back,  and  her  year  old  baby  seated  on  top,  with  his  little  legs  dang- 
ling over  the  front  edge  of  the  load.  The  little  monkeys  ride  securely 
there  through  the  bush  and  dodge  the  overhanging  vines  and  branches  as 
expertly  as  could  be  done  by  an  old  horseman.  When  working  for  each 
other  the  people  use  their  own  machetes  and  axes,  as  a  matter  of  course  ; 
but  when  hired  by  a  foreigner,  they  invariably  expect  to  be  furnished  with 
tools  by  their  employer. 

Domestic  industry  is  at  the  very  lowest  ebb.  Manufactures  can  hardly 
be  said  to  exist.  The  only  articles  made,  beyond  furniture,  arms  &c.,  are 
hammocks,  net  bags,  cotton  cloth,  and  pottery.  All  of  these  are  coarse 
and  inferior  in  quality.  None  of  the  skill  exhibited  by  the  Guatemalan 
Indians  exists  here.  The  hammocks  are  made  of  a  coarse  twine,  derived 
from  the  leaves  of  a  species  of  agau,  and  are  loosely  woven  in  a  frame* 
with  a  needle.  They  are  hardly  long  enough  for  an  ordinary  person  to 
lie  at  length  in  them  with  comfort,  and  are  used  moi-e  for  seats  than  for 
sleeping.  They  are  swung  between  the  posts  of  the  house,  near  the  door, 
and  at  a  height  of  from  a  foot  to  a  foot  and  a  half  from  the  floor.  Every- 
thing is  carried  in  net  bags.  They  are  made  with  a  needle  of  bone  and 
'•meshed  "  like  our  fish  nets.  Some  of  them  are  very  flue  and  they  are 
of  all  sizes,  from  three  inches  to  two  feet  deep.  They  are  suspended  by 
a  string  made  of  the  same  material,  usually  an  inch  wide  and  woven 
openly,  in  the  same  manner  as  the  hammocks.  The  material  of  the  finer 
and  ordinary  bags  is  the  fibre  of  a  s])eCies  of  aloe,  or  agave,  much  finer 
than  that  used  for  hammocks,  and  naturally  nearly  white.  It  is  usually 
dyed  of  various  colors  to  suit  the  fancy  of  the  maker.  The  colors  are 
obtained  from  several  of  the  native  plants  and  are  very  durable.  A 
coarser  kind  is  made  of  the  same  fibre  as  the  hammocks.  These  are  made 
with  larger  meshes,  and  are  used  to  carry  plantains,  corn  &c.,  from  the 
field  to  the  house. 

The  people  of  Tiribi  procure  all  their  bags  from  the  Bri-bris,  and  I 
believe,  their  hammocks  also.  The  Valieutes,  living  beyond  the  Tiribis, 
in  the  adjoining  parts  of  the  District  of  Chiriqui,  make  similar  bags,  but 
much  finer  and  niui-e  elaborately  wrought.  The  colors  in  the  Bri-bri  nets 
are  always  arranged  in  simple  bands,  while  the  patterns  of  the  Yaliente 
nets  are  often  complicated  and  exhibit  considerable  taste. 

Belts,  breech -cloths,  cloths  for  wrapping  the  bones  of  the  dead,  and 
women's  petticoats  arc  woven  of  cotton.  The  cotton  is  raised  with  no 
care  beyond  planting  a  few  seeds  and  allowing  the  plants  to  take  care  of 
themselves.  They  grow  to  the  height  of  ten  or  twelve  feet,  and  almost 
every  house  has  a  few  in  its  vicinity.  The  yellow  flowers,  buds,  and  open 
bolls  are  seen  all  the  year  roimd,  together  on  every  tree.  The  women 
collect  the  ripe  cotton,  pick  it  from  the  seeds  with  their  fingers  and  spin 
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it.  The  loom  is  a  simple  frame  of  four  sticks,  the  two  upright  ones  are 
planted  in  the  ground  ;  the  other  two  rudely  tied  to  these.  The  warp  is 
wrapx)ed  around  the  two  horizontal  bars  and  a  simple  contrivance  of 
threads  is  arranged  to  open  and  reverse  it.  The  thread  for  the  woof 
wound  on  slender  sticks  is  then  passed  through  in  the  usual  manner  and 
driven  tight  by  blows  of  a  smooth  stick.  The  process  is  exceedingly  slow 
and  tedious  and  I  have  never  seen  it  performed  except  by  the  men.  The 
belts  are  usually  two  to  three  inches  wide  and  four  or  five  feet  long. 
Breech-cloths  are  about  four  feet  long  and  a  litle  more  then  a  foot  wide. 
The  cloths  for  the  dead  and  the  women's  petticoats  are  wider  and  a  trifle 
longer.  Except  the  cloths  for  the  dead,  which  are  woven  white  and  after- 
wards painted,  most  of  this  cotton  work  is  ornamented  with  colors.  Be- 
sides native  vegetable  dyes,  the  people  of  Bri-bri  buy  cotton  dyed  a  dirty 
purple  with  the  blood  of  the  murex.  This  is  procured  from  the  people  of 
TeiTaba  on  the  Pacific.  They  also  now  occasionally  buy  colored  thi-eads 
of  foreign  production,  especially  a  rich  bluish  purple,  of  which  they  are 
particularly  fond.  All  of  this  weaving  is  with  very  coarse  thread,  nearly 
as  thick  as  the  finer  twines  used  by  shopkeepers  in  the  United  States  for 
tying  small  packages.  The  cloth  is  consequently  coarse  in  texture  and 
rough  in  appearance,  but  closely  woven  and  soft  to  the  feel.  It  makes 
excellent  towel?,  though  rather  heavy  for  that  purpose.  The  largest 
piece  of  work  of  this  kind  I  ever  saw,  was  a  blanket  l^rge  enough  to  cover 
a  good  sized  double  bed.  It  was  in  possession  of  an  old  woman  who 
wanted  to  sell  it  to  me  for  a  cow,  and  refused  ten  dollars  cash. 

The  pottery  now  made  is  the  coarsest  and  poorest  I  have  ever  seen. 
None  of  the  finely  made  and  elaborately  ornamented  vessels  found  in  the 
huacas  or  grtves  are  made  at  present.  The  use,  for  half  a  century  or 
more,  of  foreign  cast-iron  pots  and  kettles  has  restricted  this  industry, 
and  possibly  helped  to  injure  the  character  of  the  work.  But  two  or 
three  vessels  taken  by  me  from  Tiribi  graves,  certainly  not  less  than  fifcy 
or  sixty  years  old,  are  in  no  respect  superior  to  those  made  at  the  present 
day.  Native  earthenware  is  now  only  used  for  receptacles  for  cbicha.  The 
jars  are  large— say  from  ten  to  twenty  gallons  capacity.  The  form  is  very 
simple,  the  workmanship  is  rough,  the  clay  is  coarse  and  badly  mixed, 
the  burning  is  almost  always  imperfect,  and  they  are  always  without  the 
slightest  attempt  at  ornament.  The  jars  are  moulded  by  hand,  the  clay 
being  added  spirally,  and  moulded  by  the  fingers  and  trimmed  with  a 
smooth  stick,  in  exactly  the  same  manner  as  I  have  seen  done  by  the 
negro  women  in  Santo  Domingo.  After  a  certain  amount  of  drying,  they 
are  burnt  in  the  open  air,  in  a  fire  of  sticks  heaped  over  them.  £ach  jar 
is  burnt  separately. 

Although  not  given  to  unnecessary  exertion,  these  people  travel  occa- 
sionally from  house  to  house,  and  even  make  journeys  to  Terraba  and 
Limon.  The  laziest  will  gladly  walk  for  two  days  to  a  dance.  They  also 
occasionally  go  off  into  the  less  frequented  regions  to  collect  sarsaparilla, 
with  which  to  buy  whatever  of  foreign  manufacture  they  may  want,  like 


1V76.)  *^1'^  [Qabb. 

axes,  machetes,  cotton  cloth,  &c.  They  never  travel  alone;  always  two 
or  more  goin^  in  company.  This  is  a  very  prudent  measure,  since  acci- 
dents ai-e  Jiable  to  happen,  like  snake-bites,  or  a  bad  fall,  and  a  person 
alone  and  disabled  in  these  wilds,  would  be  more  than  apt  to  die  before 
he  would  be  discovered.  The  preparations  for  a  trip  into  the  forest  are 
simple,  but  require  time.  If  there  are  no  plantains  to  be  found  in  the 
neighborhood  to  which  they  are  going,  a  large  supply  is  collected.  They 
are  skinned,  boiled,  and  dried  hard  in  the  smoke  of  a  slow  fire.  This  is  to 
diminish  the  weight.  A  sufficient  supply  of  corn  is  ground  and  made 
into  a  paste,  either  with  or  without  the  admixture  of  ripe  plantain,  for 
chicha.  This  is  done  up  in  bundles  of  about  a  gallon  and  a  half  in  bulk, 
carefully  wrapped  in  large  leaves  and  tied  with  strips,  torn  from  the  foot- 
stalk of  the  plantain  leaf.  At  last,  all  being  ready,  every  person  loaded 
with  all  he  or  she  can  carry,  they  start  out,  the  loads  done  up  in  as  com- 
pact a  bulk  as  possible  and  carried  on  the  back,  suspended  fi*om  the  fore- 
head by  a  strip  of  mMtate,  or  bark  cloth.  Each  person  also  carries  in  the 
hand  a  staff,  four  or  five  feet  long,  made  of  some  tough  wood.  For  ordi- 
nary purposes,  the  entire  trunk  of  certain  slender  palm  trees  is  used. 
This  makes  a  stick  about  as  thick  as  an  ordinary  civilized  walking  stick, 
but  very  strong,  and  sufficiently  elastic  to  yield  a  little  without  breaking. 
The  chiefs  and  a  few  other  persons  of  con^quence,  like  the  priests,  u-sually 
carry  a  stick  of  the  red  wood  described  above.  This  is  neither  so  strong 
nor  so  light  as  the  palm  stick,  but  it  is  a  privilege  of  rank,  and  is  pre- 
ferred in  consequence.  If  the  party  is  going  on  a  trading  trip—while  the 
stronger  members  carry  the  load  of  sarsaparilla  or  rubber,  still  there  are 
always  some,  either  women  or  boys,  who  carry  the  inevitable  bundles  of 
chicha  paste.  Even  when  going  fiom  one  house  to  another  visiting,  or  to 
a  dance,  the  chicha  is  not  forgotten,  unless  the  distance  is  so  short  that 
they  are  not  liable  to  become  thirs^^y  on  the  road.  On  arriving  at  a  house, 
the  party  enters  without  a  word,  and  each  person  seats  himself  where 
most  convenient,  but  as  near  the  door  as  possible.  The  owner  of  the 
house,  or  in  his  absence,  his  wife  or  the  next  most  responsible  person 
approaches  the  new  arrivals  and  salutes  with,  **You  have  come;'*  **I 
have  come;'*'**Are  you  weir?"  ** I  am  well,  how  are  you?*'  **Iamwell."  If 
a  particular  friend,  or  a  person  of  consequence,  he  is  invited  to  seat  him- 
self in  a  hammock.  The  people  of  less  importance  ai*e  allowed  to  take 
care  of  themselves.  In  a  few  minutes  the  women  of  the  house  approach 
with  calabashes  or  vessels  made  of  folded  leaves  full  of  chicha.  If  choco- 
late is  to  be  had,  it  is  prepared  at  once,  and  offered  in  place  of  chicha. 
This  is  a  delicate  attention,  only  shown  to  friends  or  persons  of  considera- 
tion. Common  folks  must  be  content  with  chicha.  Whether  chocolate  or 
chioa,  it  is  served  at  least  three  times,  at  very  short  intervals,  and  at  last, 
when  you  cannot  swallow  any  more,  the  polite  thing  is  to  say  to  tbe  per- 
son offering  i(,  *•  drink  it  yourself,"  an  advice  usually  followed,  and  wliich 
stops  the  supply.  If  the  people  are  particularly  ioclined  to  be  hospitable, 
and  are  fortunate  enough  to  be  well  supplied,  it  is  not  uncommon  for  the 


Oabb.]  5  I -4  [Aug.  20, 

visitor  to  be  overwhelmed  with  little  presents  of  food.  I  have  been  pre- 
sented within  half  an  hour,  in  one  house,  with  live  calabashes  of  choco- 
late, at  least  half-a-dozen  quarts  of  chicha,  a  dozen  or  more  eaxs  of  green 
corn,  and  a  dozen  ripe  bananas.  The  little  boys,  with  whom  I  made 
friends,  faied  sumptuously,  for  it  wasn*t  polite  for  me  to  refuse  any- 
thing. 

The  houses  of  the  Bri-bris  are  usually  circular,  from  thirty  to  fifty  feet 
in  diameter,  and  about  the  same  in  height.  They  are  composed  of  long 
poles,  reaching  from  the  ground  to  the  apex.  These  rest  on  a  ring  of 
withes  or  vines,  tied  in  bundles,  eight  or  ten  inches  ihick,  and  resting  on 
a  series  of  upright  crotched  posts,  set  in  the  ground  in  a  circle  about  a 
third  smaller  than  the  outer  circumference  of  the  house.  Above  this  ring, 
if  the  house  is  large,  are  one  or  two  more,  according  to  its  size,  not  rest- 
ing on  posts,  but  tied  to  the  sloping  poles.  The  whole  is  thickly  thatched 
with  palm  leaves,  and  tinished  at  the  apex  by  an  old  earthen  jar,  to  stop 
the  leaks.  There  is  but  one  aperture  to  the  house,  and  this  is  a  large, 
squarely  cut  door,  left  on  one  side.  Over  the  door  there  is  sometimes 
ujafle  a  little  shed,  to  keep  the  rain  out.  The  interior  is  always  very  dark. 
Sometimes,  among  the  Bri-bris,  instead  of  building  the  house  in  a  circular 
form,  it  is  elongated  and  has  a  ridge-pole,  but  the  ends  are  rounded,  and 
the  door  is  in  one  of  the  ends. 

Formerly  the  Cabecar  houses  were  built  in  the  same  style ;  but  now 
most  of  them  are  mere  sheds,  sloping  to  one  side  only  and  open  at  the 
ends  and  in  front.  The  most  pretentious  house  I  saw  in  Cabecar  was  a 
roof  sloping  to  both  sides  from  a  rid^e  pole  to  the  ground,  but  open  at 
both  ends.  The  Tiribi  houses  are  simply  a  roof  i-aised  on  short  posts, 
sloping  both  ways  fix>m  the  ridge  but  open  all  around  below.  Mr.  Lyon 
told  me  that  formerly  the  Tiribis  as  well  as  the  Cabecarshad  round  houses 
like  the  Bri-bris,  but  that  the  pi'escnt  style  is  due  only  to  carelessness. 
The  tribes  ai-e  dwindling  so  rapidly  that  they  seem  to  have  lost  heart  even 
in  so  important  a  thing  as  building  comfortable  houses  ;  and  are  content  to 
jmt  up  with  any  make-shift  that  will  shelter  them  from  the  weather.  The 
Bri-bri  houses  are  not  only  better  constructed  but  are  much  better  fur- 
nished than  those  of  their  neighbors.  Beds  are  placed  around  the  house 
in  the  space  between  the  posts  and  the  sloping  sides.  These  are  made 
by  planting  in  the  ground  two  sticks,  forked  at  the  upper  ends  ;  cross- 
sticks  are  laid  on  those,  the  other  etids  being  lashed  with  vines  to  the 
sloping  rafters.  Over  theso  two  horizontal  sticks  are  placed  boards  made 
of  the  outer  shell  of  a  species  of  palm  ;  or  wild  cane  is  lashed  close  together. 
In  front  of  the  beds  are  slung  hammocks,  between  tho  posts,  or  to  the  ends 
of  horizontal  sticks  projecting  a  little  beyond  them.  The  fire  is  placed 
opposite  tho  door  near  the  back  side  of  the  house.  It  is  kept  up  by  plac- 
ing close  together,  the  ends  of  three  large  logs  which  are  pushed  up  as 
tliey  burn  oft*.  Over  the  fire  is  a  barbacue  or  frame,  sufticiently  high  to 
let  people  pass  under  it.  On  it  is  placed  food  to  keep  it  out  of  the  way 
of  the  dogs,  pigs,  chickens,  and  ants.     Tho  smoke  of  the  fire  is  sufticient 
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protection  from  the  latter.  Back  of  the  fire-place  are  ranged  the  chicha 
jars,  two  or  three  in  number.  Being  round  bottomed,  they  stand  on  the 
floor  propped  ap  by  stones.  Scattered  around  the  houne  are  stools  or 
benches,  rarely  more  than  six  inches  high,  each  c-^rved  out  of  a  solid 
block  of  wood.  They  generally  have  four  feet,  though  occasionally  a 
small,  roughly  made  one  is  seen,  with  but  two  feet,  and  which  is  only 
kept  in  upright  position  when  somebody  is  sitting  on  it.  The  pots  and 
kettles  about  the  fire  are  all  of  American  cast  iron,  and  vary  in  size  from 
less  than  a  quart  to  ten  gallons  capacity.  Hanging  from  the  barbacue 
over  the  smoke,  is  generally  seen  a  cocoanut  shell  or  a  leaf  bundle  full  of 
salt.  It  is  kept  here  because  it  is  the  only  place  where  it  will  remain  dry. 
Suspended  from  the  roof  are  baskets  of  from  one  to  three  cubic  feet 
capacity.  They  are  usually  made  of  a  peculiar,  veiy  hard,  and  very  flex- 
ible vine.  These  are  the  trunks  of  the  people,  and  in  them  are  kept  their 
clothing  and  allt>f  their  little  personal  treasures  and  ornaments.  They  are 
also  used  for  storing  corn  or  other  seeds,  like  baans,  the  basket  being  then 
lined  with  leaves  to  prevent  spilling.  The  women  also  use  them  for 
carrying  water  calabashes.  These  are  either  gourds  or  the  shells  of  the 
fruit  of  the  calabash  tree,  with  a  small  round  hole  cut  in  one  end.  One 
other  use  of  the  baskets  is  to  carry  load^<  when  the  net  bags  are  scarce. 
These  nets  are  also  often  suspended  about  the  house  in  the  f^ame  manner 
as  the  baskets.  Axes,  always  of  the  make  of  Collins,  of  Connecticut, 
and  long  machetes,  either  of  this  or  of  some  inferior  make,  are  to  be 
found  in  every  house.  Collins'  hardware  has  gained  a  permanent  reputa- 
tion among  these  people,  who  will  give  twice  as  much  for  a  leather 
handled  machete  of  this  brand,  as  for  any  other  kind.  Of  other  tools, 
the  most  noteworthy  is  a  heavy  stick  sharpened  to  a  chisel  edge  at  one 
end  and  beveled  on  one  side.  This  is  used  for  making  holes  in  planting 
corn  or  plantain  sprouts,  and  the  edge  is  used  to  beat  down  high  grass. 
It  works  almost  as  effectually  as  a  scythe.  Hooked  sticks  fin*  lifting  the 
iron  kettles,  others  cut  with  short  radiating  branches  at  the  end,  like  a 
five  or  six  pointed  star,  for  stirring  chocolate,  and  paddles  for  stirring 
food  are  always  found  near  the  fire.  Calabashes  and  gourds  with  small 
holes  cut  in  one  end  for  water  bottles,  and  other  calabashes  cut  in  half 
for  drinking  cups,  are  also  found  In  every  house.  Food  usually,  and  even 
drink  sometimes,  are  served  in  leaves,  called  in  Spanish  *'platanillo," 
smaller  and  tougher,  but  otherwise  resembling  those  of  the  plantain. 
These  are  dexterously  folded  so  as  to  hold  a  quart  or  mo.e  of  lluid  with- 
out spilling. 

Of  arms,  besides  the  inevitable  machete  and  very  good  double-barreled 
guns,  they  possess  )>ows  made  of  a  very  tough  kind  of  palm  wood.  They 
are  straight  and  usually  about  five  feet  long.  The  string  is  made  of  the 
finer  kind  of  agace  fibre.  The  arrows  are  of  three  kinds.  All  have  a 
butt  two  and  a  half  to  three  feet  long,  made  from  the  light  flower  stalk 
of  the  wild  cane.  This  is  a  mass  of  pith,  with  a  thin  hard  shell  on  the 
outside,  giving  the  requisite  stitTuess.     They  are  not  feathered.      The 
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froQt  end,  from  two  to  eY«n  four  feet  long,  is  made  of  the  same  wood  as 
the  bow.  For  fish  this  is  sharpened  to  a  point  and  is  barbed  oa  one,  two, 
or  even  three  edges,  or  is  made  round.  For  quadrupeds,  the  wood  is 
shorter,  not  barbed,  and  is  tipped  with  a  lance-like  head  made  by 
laboriously  grinding  down  an  old  knife  bla^e  to  the  requisite  form.  For 
small  birds,  the  head  ends  in  a  broad  round  button,  flat  on  the  face.  The 
Tiribis  use  also  a  little  arrow,  ending;  in  a  slightly  open  bunch  of  small 
reeds.  These  are  fur  killing  a  fish,  common  in  the  Tilorio.  never,  more 
than  five  or  six  inches  long,  and  which  rests  attached  to  rocks  by  a  sucking 
surface.  The  fish  is  so  small  that  several  points  are  necessary  to  the 
arrow,  so  that  if  one  does  not  strike  another  may.  No  poison  is  used  on 
the  arrows,  and,  in  fact  the  ))eople  seem  to  know  of  none.  In  their 
quarrels,  a  stick  is  used  over  six  feet  long,  nearly  an  inch  thick  and 
about  two  inches  wide,  and  made  of  the  same  wood  as  the  bows,  arrows, 
and  planting-sticks.  It  is  very  heavy  and  is  grasped  by  the  fingers  and 
thumbs  of  both  hands  in  such  a  manner  that  they  are  guatxled  from  a 
blow.  They  guard  and  strike  an  "over-blow**  always  holding  by  both 
hands.  They  are  going  out  of  use  now  that  the  people  have  discovered 
the  easier,  but  more  dangerous  process  of  litigation.  Cracked  heads  and 
broken  arms  give  way  to  damages.  For  killing  small  birds  the  blow-gun 
is  used.  This  is  a  tube  seven  or  eight  feet  long,  made  by  punching  and 
burning  the  pith  out  from  the  heart  of  a  palm  trunk,  nearly  two  inches 
thick.  They  are  made  very  straight  and  true  inside,  and  are  provided 
with  a  double  sight  on  top,  made  of  two  glass  beads  placed  half  an  inch 
apart :  when  finished  they  are  covei*ed  with  some  resin  or  a  species  of 
pitch  to  keep  them  from  cracking  or  warping.  The  missiles  are  clay 
balls.  These,  previously  prepared  are  carried  in  a  little  net,  with  them 
there  are  two  bone  implements.  One,  simply  a  straight  heavy  piece  of 
bone  used  to  drive  a  l^all  out  of  the  tube  by  its  weight,  in  case  of  sticking. 
The  other  is  similar  in  appearance,  but  the  end  is  worked  into  a  round 
pit  with  sharp  edges,  for  trimming  the  balls  to  the  proper  size  and  shape. 
During  the  war  between  the  Bri-bris  and  Tiribis,  at  the  beginuiug  of  this 
century,  the  principal  arm  used  was  an  iron-headed  lance  fastened  to  a 
shaft  barely  four  feet  long.  For  defense,  round  shields  were  canied  on 
the  arm,  made  of  the  thickest  part  of  the  hide  of  the  tapir.  I  was 
fortunate  enough  to  secure  specimens  of  both,  together  with  nearly  all 
the  other  implements,  &c.,  desciibed  in  the  present  paper.  They  are  all 
in  the  Smithsonian  Museum. 

All  people  have  some  kind  of  music  which  doubtless  gives  pleasure  to 
them,  although  to  our  unappreciative  ears  it  niay  sound  i-ude  and  dis- 
agreeable. The  Marimba,  an  African  instrument,  found  all  over  semi- 
civilized  Central  America,  is  unknown  here.  I  cannot  understand  the 
surprise  of  an  eminent  African  traveler,  who  writes  wonderingly  of  the 
coincidence,  of  finding  this  instrument  in  use  in  Africa  and  among  the 
Indians  of  C.-ntral  America.  It  wan  introduced  with  the  African  sLives 
and  has  been  retained  among  their  descendants  and  neighbors.     The 
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savage  Indians  do  not  possess  it.  The  drum  is  their  greatest  favorite. 
It  is  from  twenty  inches  to  two  feet  long,  cylindrical  for  half  its  length, 
with  a  diameter  of  six  or  seven  inches  ;  it  then  tapers  convexly  to  near 
the  other  end  and  then  widens  out  a  little.  The  pattern  is  always  the 
sjime,  and  the  size  varies  but  a  few  inches.  The  larger  end  is  tightly 
covered  with  the  skin  Arom  the  belly  of  the  iguana  lizard.  It  is  glued  on 
by  fresh  blood,  being  held  in  place  with  string  until  dry.  A  cord  tied 
around  each  end  suspends  it  loosely  from  the  left  shoulder,  and  it  is  held 
under  the  lefc  arm,  being  beaten  with  the  tip«  of  the  fingers  of  the  n^ht 
hand.  It  is  used  principally  to  accompany  and  keep  time  to  singing  and 
is  an  indispensable  part  of  every  feast  or  gathering  of  whatever  kind. 
To  accompany  the  invigorating  music  of  the  drum  and  help  the  din,  an 
armadillo  skin  is  sometimes  used.  This  is  scraped  over  the  rings  with  a 
large  hard  bean-like  seed.  It  at  least  helps  to  add  to  the  noise,  if 
it  does  not  contribute  melody.  A  little  flute,  about  as  musical  as  a  penny 
whistle,  is  sometimes  added  to  the  concert,  though  it  seems  rather  to  be 
lotiked  upon  as  a  toy.  These  flutes  are  made  of  a  bone  of  some  bird,  per- 
haps  a  pelican.  The  bone  has  half-a-dozen  holes  drilled  in  it,  and  the 
end  is  plugged  with  wax,  so  as  to  direct  the  air  to  the  larger  aperture 
near  the  end.  I  bought  one  from  a  Tiribi  made  of  a  deer*s  bone.  The 
priests  use  in  their  songs  a  rattle,  made  of  a  small  pear-shaped  tree  cala- 
bash, lashed  to  a  bone  at  the  small  end.  This  contains  a  few  seeds  of  the 
**  shot  plant,"  or  Canna.  It  is  held  upright  and  solemnly  shaken  in  time 
with  the  song  until  the  end  of  the  stanza,  when,  as  a  signal  for  the  chorus 
to  btrike  in,  it  is  given  a  dexterous  twirl,  throwing  the  seeds  rapidly  around 
inside.  On  very  solemn  occasions  a  curious  box  is  also  used.  It  is  about 
eiifht  inches  long  by  four  square  on  the  end.  It  is  carved  out  hollow,  with 
a  long  tongue  on  one  face,  isolated  by  a  U-shaped  slit.  A  heavy  handle 
is  attached  to  one  end,  also  carved  out  of  tho  same  block.  When  used,  it 
is  simply  struck  on  the  above-mentioned  tongue  with  a  bone  or  piece  of 
hard  stick.  This  is  only  used  on  the  death  of  a  chief.  There  is  but  one 
in  the  tribe,  and  no  bribe  that  I  could  oflfer  sufficed  to  buy  it. 

Fashions  in  dress  change  even  among  savages,  at  least  as  civilization 
approaches.  Formerly  the  dress  of  the  men  consisted  only  of  a  breech- 
cloth.  It  was  made  of  maatate,  or  bark  cloth,  about  a  foot  wide  and  seven 
or  eight  feet  long,  tapering  at  one  end.  The  cloth  is  made  by  taking  the 
inner  bark  of  either  the  India  rubber  or  anoiher  tree  and  beating  it  with 
a  roughened  stick  over  a  log.  This  loosens  the  fibre,  and  renders  it  soft 
and  fiexible.  It  is  then  carefully  washed  until  all  the  gummy  matter  is 
washed  out.  After  drying,  it  is  rubbed  a  little  and  becomes  soft  and 
smooth  to  the  feel.  To  apply  the  breech-cloth,  the  wide  end  is  held 
against  the  belly,  the  remainder  being  passed  between  the  legs ;  it  is  then 
wound  around  the  waist  and  the  point  tucked  in ;  the  broad  end  then 
falls  over  in  front,  for  about  a  foot  long,  like  an  apron.  When  cotton 
cloth  is  used,  it  is  simply  caught  up  in  front  and  behind  urder  a  cotton 
belt,  with  a  similar  apron  in  front.     Sometimes,  for  warmth,  a  shirt  of 
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roastate  was  worn  ;  simply  a  strip  with  a  hole  in  the  middle  for  the  head, 
and  tifd  under  each  arm  with  a  piece  of  string.  Now  many  of  the  men 
have  discarded  the  hreech-cloth,  and  wear  cotton  shirts  and  pantaloons, 
buying  the  stuft  from  the  traders  and  sewing  them  themselves.  Others, 
not  so  far  advanced,  wear  a  shirt  and  a  breech-cloth.  Formerly  the  hair 
was  worn  as  long  as  it  would  grow,  sometimes  rolled  up  and  tied  behind 
in  a  knot.  Some  of  the  conservatives  still  stick  to  the  old  style  and  follow 
this  custom  yet ;  others  of  the  men  wear  their  hair  in  two  plaits,  but  the 
majority  cut  it  to  a  moderate  leuijfth,  and  either  confine  it  by  a  bright- 
colored  handkerchief  tied  round  the  head  in  a  roll,  or  wear  a  hat. 

The  dress  of  the  women  originally  consisted  of  a  simple  petticoat  (b  ma) 
of  mastate.  Very  few  now  use  this  material,  preferring  the  softer  cotton 
cloth  of  the  traders.  The  favorite  color  is  a  dark  indigo-blue,  with  figur.  s 
five  or  six  inches  across,  in  white.  The  bana  is  a  simple  strip  of  cloth 
wrapped  round  the  hips^  with  the  ends  overlapping  about  six  inches  in 
front.  It  is  suspended  at  the  waiat  by  a  belt,  and  reaches  more  or  less  to 
the  knees.  When  on  a  journey  in  rainy  or  muddy  weather,  I  have  seen 
a  simple  substitute.  It  was  made  of  a  couple  of  plantain  leaves,  stripped 
to  a  coarse  fringe  and  wound  round  the  waist  by  the  midribs.  With 
nothing  above  nor  bf low  it,  it  is  the  nearest  approach  to  a  fig  leaf  one 
can  imagine.  Only  of  late  have  the  women  begun  to  wear  anything 
above  the  waist,  and  even  now  it  is  considered  hardly  necessary. 
Some  of  the  women  wear  a  sort  of  loose  little  jacket,  or  chemipe,  very  low 
in  the  nock  and  short  in  the  sleeves,  that  barely  reaches  the  waist  and 
only  partially  conceals  the  bosom.  I  have  freciuently  seen  a  woman,  in 
the  habit  of  wearing  one  of  these,  either  take  it  off  entirely,  or  fan 
herself  with  it,  if  warm,  in  the  presence  of  a  number  of  men,  and  evi- 
dently inn:>ceut  of  improper  intentions,  and  unaware  that  she  was 
doing  anything  remarkable.  With  this  scanty  dress,  I  must  do  those 
people  the  justice  of  saying  that  they  are  remarkably  mo  est,  both 
men  and  women.  In  a  year  and  a  half  of  life  in  their  country,  travel- 
ing constantly  with  a  body  of  them,  bathing,  fording  rivers,  living  in 
their  hr)uses,  and  seeing  more  than  strangers  generally  do  of  the  inti- 
mate domestic  life  of  the  people  they  are  among,  I  can  only  recall  a 
single  instance  of  carelessness,  and  not  one  of  a  wanton  exposure  of 
those  parts  of  the  person,  that  their  ideas  of  modesty  required  to  be 
kept  covered. 

The  dress  just  described  is  that  of  the  Bri-bris  and  Cabccars.  The 
Tiribi  men,  where  they  do  not  wear  pantaloons,  always  use  the  native 
cotton  breech-cloth,  never  the  mastate.  The  women  wear  a  long  strip 
of  cotton  cloth,  made  with  a  hole  in  the  middle,  like  a  poncho,  and 
reaching  before  and  behind,  nearly  to  the  ground.  It  is  gathered  up  at 
the  waist  by  a  belt,  and  the  edges  are  caused  to  overlap  at  the  same 
time,  so  that  the  whole  person  is  securely  covered.  I  was  also  told  that 
under  this  they  wear  a  species  of  brcech-cloth  or  drawers.  They  are 
much  more  retiring  in  their  manner  than  their  Bri-bri  sifters  ;  never  8i)eak 
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to  a  stranger  except  when  Bpoken  to,  and  then  reply  in  as  few  words  as 
possible  and  with  apparent  bashfulness. 

For  ornaments,  all  wear  necklaces.  The  favorite  ones  are  made  of 
teeth,  of  which  those  of  the  tiger  are  most  highly  prized.  Only  the 
canine  teeth  are  used.  Small  strings  are  sometimes  made  of  monkey, 
coon,  or  other  teeth,  but  are  not  much  thought  of.  I  have  seen  one  of 
these  made  of  five  strings  of  tiger  teeth,  gradually  diminishing  in  size,  and 
covering  the  entire  breast  of  the  wearer.  The  women  rarely,  almost  never, 
wear  these.  If  they  wear  teeth,  they  are  of  some  very  small  animal.  In  place 
of  them,  they  use  great  quantities  of  glass  beads.  I  have  seen  fully  three 
pounds  of  beads  around  the  neck  of  one  old  woman,  and  she  was  the  envy 
of  all  her  friends  and  neighbors.  Even  little  girls  are  often  so  loaded 
down  that  the  weight  must  bd  irksome  to  them.  Money  is  often  worn  by 
the  women.  On  one  occasion  I  paid  a  man  six  dollars,  all  in  Costa  liicaii 
quarters,  for  his  month's  work.  Aftor  a  few  diys  I  went  to  his  house 
and  saw  the  entire  sum  strung  on  his  wife's  neck.  Shells  are  also  some- 
times, though  rarely  used.  The  men  sometimes  carry,  suspended  from 
the  necklace,  the  shell  of  a  small  species  of  murex,  with  the  varices 
ground  off  and  a  hole  drilled  in  it  to  make  a  whistle.  These  are  bought  in 
Terraba,  and  are  highly  prized. 

The  men  sometimes  wear  head  dresses  made  of  feathera.  The  most 
highly  prized  are  the  white  downy  feathers  from  uuder  the  tail  of  the 
large  eagle.  Others  are  made  from  chicken  feathers,  or  are  worked  in 
rows  of  blue,  red,  black,  yellow,  &c.,  from  the  plumage  of  small  birds.  I 
have  seen  one  head-dress  made  of  the  long  hair  from  the  tail  of  the  great 
ant-eater,  in  the  place  of  feathers.  The  feathers  are  secured  vei-tically  to 
a  tai>e  and  extend  laterally  so  as  to  reach  from  temple  to  temple,  curling 
over  foi-ward  at  the  top,  the  tape  being  tied  behind,  so  as  to  keei)  ^^^^  ^^^^^ 
in  place. 

Painting  is  somewhat  in  vo^uc,  to  assist  in  the  adornment  of  the  per- 
son, but  is  not  confined  to  either  sex.  The  commonest  manner  is  to  color 
each  cheek  with  a  square  or  parallelogram,  about  an  inch  across,  either 
solid  or  made  up  of  bars.  This  is  done  with  the  dark  reddish-brown  sap 
of  a  certain  vine,  and  the  pattern  i-esists  wear  and  tear,  and  water  for  a 
week  or  more.  Anatto  is  also  used,  but  more  rarely,  and  is  applied  in 
bars  or  stripes  to  the  face,  according  to  the  skill  or  tiiste  of  the  artist. 
Besides,  a  hideous  indigo-blue  stain  from  a  fruit,  is  sometimes  smeared 
on  the  face  or  body,  but  even  savage  taste  does  not  seem  to  approve  of 
this,  since  it  is  very  unusual. 

Formerly  the  Tiribis  tattooed  small  patterns  on  their  faces  or  arms ;  but 
the  younger  people  have  not  kept  up  the  custom,  and  the  Bri-bris  and 
CabeCars  say  they  never  did  it.  The  chiefs  on  great  occasions  wear  gold 
ornaments,  similar  to  those  now  found  in  the  IIuaca»,  or  graves  of  ('hiri- 
qui.  Whether  these  have  been  recovered  from  some  of  these  graves,  or 
whether  they  have  been  handed  down  from  time  immemorial  is  not 
known.    There  are  but  four  or  live  in  the  tribe,  and  two  of  these  belong 
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to  the  reigning  chief.  The  others  were  formerly  also  property  of  the 
chiefs,  hut  are  said  to  have  heen  given  as  rewards  of  merit  to  the  most 
success rul  leaders  in  the  Tiribi  war.  The  two  belonging  to  the  chief,  as 
well  as  one  belonging  to  the  descendants  of  one  of  those  warriors,  all 
represent  birds.  The  people  call  them  eagles.  The  largest  is  between 
three  and  four  inches  across ;  the  smaller  of  the  chiefs  two,  is  double- 
headed.  In  connection  with  these  '*  eagles'*  another  royal  emblem  might 
be  mentioned.  It  is  a  staff  of  hard  black  palm  wood,  over  four  feet  long. 
The  top  is  carved  in  the  shape  of  an  animal,  not  unlike  a  bear  sitting  ou 
his  haunches.  But  there  are  no  bears  in  this  country,  aud  it  must  have 
been  intended  for  some  other  animal.  Below  this  figure,  the  stick  is 
square,  and  is  carved  out  into  four  pillars  several  inches  long,  with  spaces 
between  them.  In  the  interior,  between  them,  is  a  cavity  in  which  a 
loose  piece  of  the  same  wood  can  be  shaken  about.  It  was  evidently  left 
there  in  the  carving,  after  the  fashion  of  the  Chinese.  Below  this,  the 
stick  is  plain.  I  tried  every  means  in  my  power  to  obtain  this,  but  could 
not  buy  it. 

Games  of  chance  or  of  skill  are  equally  unknown,  and  even  when 
brought  into  contact  with  civiliz%tion,  they  do  not  seem  to  take  kindly 
to  gambling.  In  fact,  they  have  so  little  to  win  or  lose,  and  that  little 
is  so  easily  obtained,  that  the  inducement  does  not  exist. 

Their  food  is  simple  in  material  and  there  is  but  little  variation  in  the 
manner  of  preparation.  Of  meats,  besides  chickens,  they  have  beef  and  pork, 
which  are  ho  ^cver  rai*ely  used  except  at  feasts.  They  know  nothing  of  salt- 
ing meat  for  future  use  and  can  only  consume  one  of  these  animals  when  a 
large  number  is  together.  Besides  the  scarcity  of  beef  is  so  great  that 
probably  no  Indian  possesses  more  than  one  or  two  animals  at  a  time. 
Wild  meat,  like  peccary,  red  monkey,  (the  other  species  are  rarely  eaten,) 
tapir,  tiger,  even  oiter,  armadillo,  and  some  other  small  animals  are  oc- 
casionally shot.  In  this  case,  all  of  the  meat  that  is  not  eaten  at  once  is 
dried  as  hard  as  a  bone,  and  perfectly  black,  in  the  smoke  of  a  slow  fire. 
Larger  species  of  birds  like  curassow  are  also  treated  in  the  same  way. 
It  is  an  interesting  fact,  universally  attesteil,  that  the  bones  of  this  bird 
are  absolutely  poisonous  to  dogs,  while  the  meat,  though  tough,  is  not 
unpalatable  and  is  perfectly  innoxious  to  man.  After  a  meal  it  is  the 
never-failing  custom  to  gather  all  the  bones  carefully,  and  either  burn 
them  or  place  them  out  of  reach  of  the  dogs.  I  do  not  know  whether  the 
flesh  would  be  equally  dangerous,  though  I  doubt  if  it  was  ever  wasted 
on  a  dog.  This  property  is  said  to  be  due  to  some  fruit  or  seed  they 
eat.  Of  vegetable  food,  plaintains  are  the  staple.  In  times  of  scarcity, 
bananas  take  their  place,  besides  being  eaten  raw  when  ripe.  The  In- 
dians aho  occasionally  eat  a  raw  ripe  plantain,  although  they  are  coarse 
and  the  flavor  is  inferior.  The  meth'>ds  of  preparation  ai-e,  roasted 
green,  when  they  make  a  poor  substitute  for  bread  ;  roasted  ripe,  when 
they  are  eat«n  with  chocolate,  with  the  idea  of  sweetening  it.  They  are 
also  boiled  green,  with  meat,  with  green  corn,  or  even  alone.    Kipe  plan- 
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tains  boiled  and  roashed,  are  mixed  in  equal  quantities  of  corn-meal  paste 
to  make  cbicha,  or  to  bake  in  cakes.  Tbey  are  also,  ^hen  ripe,  boiled, 
masbed  iuto  a  {wste,  and  mixed  witb  water  into  a  gruel.  Tbis  is  drank 
under  tbe  name  of  mish^la.  Maize  is  raised  in  considerable  quantities, 
and  this  really  involves  four-fiftbs  of  all  their  agricultural  labor.  The  com 
is  of  a  variety  of  colors  ;  white,  yellow,  red,  purple,  blue,  and  almost  per- 
fectly black.  Sometimes  tbe  ear,  rarely  more  than  six  or  seven  inches 
long,  is  of  a  unifiorm  color,  but  more  generally  the  grains  are  of  two  or 
more  colors.  It  is  boiled  green  and  eaten  from  the  cob,  and  is  thus  con. 
sidered  a  great  delicacy.  It  is,  when  ripe,  ground  for  all  other  purposes. 
The  process  of  grinding  is  rude  and  simple  in  the  extreme.  If  possible,  a 
stone,  three  feet  long  and  two  wide,  with  a  flat  upper  surface,  is  procured. 
In  default  of  this,  a  broad  slab  of  wood  is  used.  For  this  purpose,  a  piece 
cut  from  one  of  the  plank-like  buttresses  of  the  Celba  tree  is  procured, 
and  one  side  dressed  smooth.  The  remainder  of  this  primitive  mill,  is  a 
stone,  about  a  foot  or  fourteen  inches  long,  a  few  inches  less  in  width 
and  three  or  four  inches  thick.  One  side  must  be  regularly  curved.  The 
corn,  soaked  over  night  to  soften  it,  is  placed  on  tbe  flat  surfiice  and  the 
stone  last  mentioned  is  rocked  on  its  e^dge,  from  side  to  side.  This  is 
always  done  by  the  women.  When  the  corn  is  sufhciently  ground,  the 
paste  is  put  into  an  iron  pot  and  boiled  to  mush.  If  it  is  intended  to 
make  cakes,  a  part  of  the  raw  paste  is  mixed  with  an  equal  quantity  of 
boiled  ripe  plantain  paste,  to  sweeten  it.  It  is  then  rolled  in  plantain 
leaf  and  baked  in  the  ashes.  When  the  paste  is  boiled,  sometimes  a  part 
of  it  is  separated,  thinned  to  the  consistency  of  gruel,  and  drunk  hot.  If 
it  is  intended  to  make  chichi  for  the  road,  the  thick  mush  is  at  once 
mixed  with  an  equal  part  of  ripe  plantain  paste  as  before,  and  tied  up  in 
leaves.  This  will  keep  sweet  for  two  or  three  days,  but  gradually  fer- 
mentation takes  place,  and  at  a  week  old,  it  has  a  not  unpleasant  sweet- 
ish acid  taste.  When  ready  for  drinking,  it  is  dissolved  in  cold  water  to 
a  thin  gruel.  The  taste  for  it  is  easily  acquired,  and  I  admit,  I  be- 
came very  fond  of  it.  It  certaiuly  does  possess  intoxicating  properties, 
but  I  cannot  conceive  how  any  civilized  stomach  could  accommiH^ate  a 
sufficient  quantity  to  produce  exhilaration.  Still  I  have  seen  Indians 
very  happy  frqm  its  effects.  But  since  I  desire  these  notes  to  be  believed, 
I  do  not  dare  to  state  the  quantity  I  have  seen  one  of  these  fellows  drink. 
Were  only  half  the  truth  told,  it  would  appear  incredible.  The  method 
of  preparing  the  chicha  for  use  in  the  house  is  slightly  different.  The 
paste  is  thinned  at  once,  while  yet  hut.  The  plantain  pastp,  also  thinned, 
is  poured  into  the  earthen  jar  with  it,  and  sufficient  water  is  added  to 
bring  it  to  the  proper  thinness  for  drinking.  To  produce  rapid  fermen- 
tation another  process  is  yet  necessary,  which  I  saw  once  at  Dipuk  on 
•the  Ureu.  A  young  girl  (yountr  girls  only,  with  sound  teeth  perform  this 
operation,)  having  previously  rlnse<l  her  mouth  with  a  little  water,  sat 
down  on  a  low  stool,  with  a  pile  of  tender  raw  corn  beside  her,  and  a 
big  calabash  in  her  lap.     She  chewed,  or  rather  bit  the  grains  from  the 
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ear  and  ejected  thorn  from  her  mouth  into  the  calabash.  The  rapidity 
of  the  process  was  marvelous.  She  seemed  to  shave  all  the  grains  from 
an  etitire  ear  almost  without  stopping.  There  did  not  to  seem  be  much 
chewing  done,  but  of  course  the  object  was  to  obtain  the  saliva  secreted 
during  the  operation.  As  fast  as  her  calabash  was  full  she  emptied  it 
into  the  jar  of  chicha,  and  proceeded  to  refill  it  I  lay  in  my  hnrnmock 
fully  half  an  hour  watching  her  until  she  had  finished.  The  next  day 
that  chicha  wan  drank  and  pronounced  excellent.  I  never  tried  this  kind. 
Such  is  the  force  of  prejudice.  I  learned  early  to  prefer  doing  my  own 
eating. 

Beans  are  also  used  to  some  extent,  but  the  quantity  planted  is  gene- 
rally small,  and  the  people  soon  have  to  return  to  their  regular  plantains 
and  chichi.  I  do  not  think  I  ever  saw  half  a  bushel  of  beans  together  in 
one  housts.  They  are  large,  dark,  and  generally  mottled.  They  never  be- 
come very  hard,  and  are  of  a  xery  good  flavor.  Small  quantities  of  sugar 
cane,  of  a  very  excellent  quality,  are  raised,  but  it  is  only  for  the  purpose 
of  chewing.  They  never  attempt  to  make  sugar  or  syrup,  although  some 
of  the  foreigners  in  their  country  as  well  as  the  negroes  on  the  coast  make 
the  latter,  and  the  Indians  are  perfectly  familiar  with  the  process.  Of  the 
foreigners  in  the  country,  perhaps  a  dozen  in  all,  sambos  or  mulattoes, 
with  the  exception  of  Mr.  Lyon,  all  raife  rice  as  one  of  their  most  import- 
ant food-btaples.  The  Indians  are  fond  of  it,  frequently  buy  it,  but  never 
attempt  to  cultivate  it.  Of  the  less  important  items,  they  have  the  fruit 
of  a  species  of  palm  called  d'l-ko^  {pejibaUe  of  the  Spaniards).  This  is  a 
small  pear-shaped  fruit,  growing  in  gi*eat  clusters  ;  it  has  a  thin  skin  on 
the  outside,  and  a  small  round  seed  an  the  centre.  It  may  be  compared 
to  a  diminutive  cocoannt,  the  edible  portion  corresponding  with  the 
fibrous  hufk  of  that  nut.  The  seed  corresponding  with  the  cocoauut 
proper,  is  solid  and  very  hard,  but  has  a  pleasant  flavor.  The  fruit  is 
very  easily  raised,  requires  no  care  beyond  the  first  planting,  and  a  little 
weeding  for  the  first  year  or  two,  and  yet,  except  at  Sarwe,  it  is  very 
scarce.  It  is  from  the  wood  of  this  tree  that  the  bows,  the  arrow  tips, 
the  planting  and  fighting-sticks,  &c.,  are  made.  Another  species  of 
palm  furnishes  a  food,  agreeable  to  the  taste,  an  excellent  salad  when 
properly  dressed,  a  perfect  substitute  for  cabbage  when  cooked,  but 
withal,  as  my  party  discovered  on  one  hard  journey  we  made,  not  very 
nutritious.  It  is  the  bud  of  tender,  half-formed  leaves  at  the  top,  and 
can  only  be  obtained  by  cutting  down  the  tree.  It  is  similar  to  the 
deservedly  famous  palm  cabbage  of  the  West  Indies,  and  difiers  prin- 
cipally in  being  only  about  half  as  large.  We  found,  after  living  on  it 
almost  alone,  for  nearly  a  week,  that  it  was  good  principally  for  de- 
ceiving one's  self  into  starving  on  a  full  stomach.  Kiliti,  or  **  greens  "  is 
a  favorite  dish,  probably  not  much  more  nutritious  than  the  last.  It  is 
made  from  various  tender  leaves,  put  into  a  pot  with  little  or  no  water, 
and  gradually  steamed  into  a  paste  with  their  own  juice.  This  is  eaten 
with  salt  when  they  have  it ;  othei'wise,  without. 
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Cacao  is  in  great  demand.  The  dellcioas  sub-acid  pulp  is  fii-st  sucked 
from  the  beans,  which  are  roasted  and  ground  on  the  chicha  board,  or 
stone  into  a  coarse  paste.  It  is  the  greatest  luxury  they  possess.  And 
still,  I  have  never  seen  a  young  cacao  tree  belonging  to  an  Indian.  Tiiey 
depend  for  their  supply  on  the  old  trees,  planted  by  past  generations. 
I  have  known  an  Indian  make  a  two  days'  journey  to  collect  a  little  cacao, 
when  less  labor  would  plant  him  fifty  trees  near  his  house. 

Fishing  is  rarely  performed  with  hook  and  line.  They  have  two 
methods.  One  is  to  shoot  the  fish  from  a  canoe  (all  the  canoes  belong  to 
foreigners),  or  from  the  shore,  or  a  rock.  They  use  very  long  arrows, 
described  previously,  and  are  quite  expert.  Another  method  is  to  select  a 
channel  of  the  river  beside  an  island.  A  frame-work  is  built  at  each 
end,  of  sticks  and  cane,  which  extend  completely  across  the  stream. 
When  everything  is  ready,  the  people  stationed  at  the  upper  end  rapidly 
cover  the  frame-work  with  the  leaves  of  the  cane,  so  as  to  stop  the  water 
running  through.  Those  at  the  lower  frame,  also  spread  on  cane  leaves, 
but  thinner,  only  so  as  to  keep  the  fish  from  passing  through.  Both  par- 
ties must  work  at  the  same  time,  and  as  rapidly  as  possible,  because  as 
soon  as  the  fish  find  the  level  of  the  water  lowering  they  attempt  to 
escape,  and  I  was  told  that  it  has  sometimes  happened  that  every  fish 
has  gotten  away  before  the  dams  were  finished.  In  the  course  of  a 
few  hours  the  water  is  so  low  that  the  fish  congregate  in  the  deeper 
pools  and  are  shot  with  arrows,  or  even  taken  out  by  hand. 

The  only  divisions  of  time  known  are  the  natural  astronomical  ones  : 
the  day,  the  lunar  month,  and  the  year.  A  glance  at  the  vocabulary 
will  show  that  special  words  are  used  for  day  in  the  abstract  as  distin- 
guished from  night,  and  for  to-day,  to-morrow,  day  after  to-morrow,  &c., 
and  for  yesterday,  &c.  The  month  is  called  by  the  same  name  as  the 
moon,  *•«»."  The  year  is  counted  from  dry  season  to  dry  season,  and  is 
recognized  by  the  ripening  of  the  flower-stalks  of  the  wild  cane,  on 
which  they  depend  for  arrow-shafts.  It  is  called  da-was'  from  this  con- 
nection. 

The  local  diseases  of  the  country  are  fevers,  acquired  by  going  to  the 
coast;  or  by  the  hill  people,  by  going  down  to  the  low  lands.  They  some- 
times seem  to  become  epidemic,  due  to  an  unusually  wet  season,  or  to 
the  continuance  of  the  rains  throughout  what  should  be  a  dry  season. 
The  summer  of  1874  was  particularly  fatal  in  this  respect.  Rheumatism 
is  common,  especially  with  the  older  men.  It  is  brought  on  by  much 
exposure  to  rain,  and  by  wading  rivers  when  heated,  on  journeys.  But 
the  commonest  infirmities  are  indolent  ulcers,  usually  on  the  legs.  They 
originate  from  any  little  scratch  or  bruise,  and  are  the  result  of  the  low 
vital  state  of  the  system,  due  to  a  bulky  but  innutritions  diet.  A 
wound  which,  in  a  person  in  good  health,  would  heal  in  a  week,  may 
result  with  one  of  these  people  in  a  sore  lasting  years,  and  perhaps  at 
times  involving  an  area  twice  as  large  as  the  hand. 
Of  remedies,  they  may  be  safely  said  to  have  none.     They  are  learning 
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to  apply  to  the  traders  for  medicines  for  fever.  All  go  to  Mr.  Lyon  in 
case  of  snake-bite,  and  when  taken  in  time,  he  s  iys  he  has  never  failed 
to  cure  a  case  with  either  ammonia  or  iodine,  as  seemed  to  be  indicated. 
It  may  be  interesting  to  note  that  after  obtaining  no  relief  with  one  of 
these  medicines,  he  has  given  the  other,  and  with  immediate  good  results, 
lie  gives  the  iodine  in  the  form  of  alcoholic  tincture  in  10  to  15-drop 
doses,  every  10  to  15  minutes.  Some  of  them  seem  to  believe  in  the  in- 
cantations of  the  ^zraa  or  doctors,  bat  foreign  medicines  are  gradually 
gaining  ground  over  sorcery.  For  rheumatic  pains,  headaches,  &c., 
there  are  two  remedies  used.  The  simplest  is  counter-irritation  by  whip- 
ping with  nettle  leavi^s.  The  other  is  bleeding.  The  lancet  is  made  usnally 
from  the  tongue  of  a  jewVharp,  broken  off  at  the  angle  and  sharpened  to 
a  point.  This  is  set  at  right  angles  in  a  little  stick  for  a  handle,  and  is 
used  by  holding  it  over  the  affected  part  and  striking  it  briskly  with  a 
finger.  They  never  regularly  open  a  vein  and  draw  off  a  quantity  of 
blood,  but  every  stroke  makes  a  separate  puncture,  from  which  only  a 
few  drops  exude.  At  Borubeta  I  saw  a  man  bled  to  relieve  the  aching  of 
fatigue  in  his  anns.  He  had  been  scraping  agate  leaves,  to  extract  the 
fibre  for  hammocks.  He  had  at  least  fifty  punctures  made  over  his  two 
arms. 

The  natural  products  of  the  country  are  principally  sarsaparilla  root 
and  india  rubber.  The  sarsaparilla  vine  is  green,  angular,  and  covered 
with  thorns.  It  grows  very  long  and  climbs  over  bushes  and  even  trees 
in  the  more  open  parts  of  the  forest.  At  short  distances  it  is  jointed,  and  if 
it  touches  the  ground  every  joint  sends  out  a  new  set  of  roots.  The  leaves 
are  large  and  acuminately  oval  and  have  three  longitudinal  ribs,  the  mid- 
rib and  two  parallel  ones,  half  way  between  the  middle  and  the  edge.  The 
fruit  is  round  and  grows  in  a  cluster  something  like  grapes.  The  vine 
has  a  tap-root,  and  besides  sends  out  a  large  number  of  horizontal  roots 
near  the  surface  of  the  ground,  and  from  six  to  ten  feet  long.  The  sarsa- 
parilla hunter  first  clears  away  carefully  all  the  bushes  and  undergrowth 
with  his  machete.  He  then,  with  a  hooked  stick,  digs  into  the  ground 
at  the  base  of  the  vine  until  he  loosens  the  earth  and  finds  where  the  best 
roots  are.  The  tap-root  is  never  disturbed,  and  it  is  customary  to  dig  up 
only  half  the  roots  at  a  time,  to  avoid  killing  the  vine.  Having  selected 
those  that  look  most  promising,  he  places  his  hand  under  one  or  two  and 
gently  lifting  them,  follows  their  course  with  his  hooked  stick,  loosening 
the  soil  and  lifting  them  out,  following  them  to  their  ends.  They  are 
then  cut  ofl',  the  dirt  carefully  replaced  around  the  vine,  and  the  roots 
laid  in  the  sun,  or  hung  up  to  dry.  A  vine  yields  genei*ally  from  four  to 
nine  pounds  of  green  roots.  When  dry  they  are  tied  into  cylindrical  rolls 
a  foot  long  and  four  or  five  inches  thick,  weighing  about  a  pound. 

India  rubber  is  obtained  by  scoring  the  bark  of  the  trees  obliquely. 
Several  cuts  are  placed  one  above  another  and  in  pairs  converging  down- 
wards ;  the  sap  being  directed  in  its  fiow  by  a  leaf  placed  at  the  bottom, 
which  serves  as  a  spout,  to  direct  it  into  the  vessel  placed  to  receive  it. 
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When  collected  it  looks  like  milk.  It  is  caused  to  coagulate  and  turn 
black  by  the  juice  of  a  species  of  convolvulus.  It  is  generally  made  into 
cakes  a  little  over  a  foot  long,  about  eight  inches  wide  and  an  inch  thick. 

It  is  with  these  two  articles,  and  an  occasional  deer  skin,  that  all  the 
purphases  are  made  from  the  traders.  They  buy  various  kinds  of  cotton 
cloth  for  clothing,  colored  handkerchiefs,  needles,  thread,  machetes, 
axes,,  knives,  iron  kettles  and  pots,  a  few  medicines,  and  .powder,  shot, 
and  caps.  Their  intertribal  trade  is  still  more  limited.  The  Bri-bris  sell 
net-bags  and  hammocks  to  the  Tiribis,  and  formerly  made  the  large  cot- 
ton blankets,  already  described,  for  sale  in  Terraba.  They  buy  in  Ter- 
raba  cows  and  dogs,  murex-shell  whistles,  mnrex-dyed  cotton,  and  beads 
made  by  rubbing  down  a  small  species  of  shell  of  the  genus  Conus, 
Sometimes  both  the  Bri-bris  and  Cabecars,  but  especially  the  latter,  carry 
sarsaparilla  or  rubber  a  hard  ten-days'  journey  to  Matina,  to  exchange  it 
for  c^cao,  of  which  they  might  have  eoough  and  to  spare  for  the  mere 
trouble  of  planting  it.  But  Indians  are,  almost  without  exception,  a  lazy, 
miserable,  and  unimprovable  race. 

It  is  perhaps  advisable  to  state  that  the  whole  of  the  present  memoir 
was  written  in  Costa  Rica,  and  it  was  not  until  my  return  to  Philadel- 
phia, that  I  encountered  the  elabomte  compilation  of  Bancroft,  on  ''the 
Native  Races  of  the  Pac  fie  States.'*  At  the  date  of  the  present  writing, 
but  three  volumes  of  the  promised  five  have  made  their  appparanc*. 
While  I  regret  that  the  information  in  that  work,  on  the  present  field  is 
so  meagre,  and  in  some  respects  so  different  from  my  own  observations, 
I  have  said  nothing  whicti  I  wish  either  to  retract  or  modify.  I  state 
nothing  but  what  I  have  seen  and  learned  while  living  among  the  people 
whom  I  describe.  At  the  same  time  I  trust  that  1  may  not  be  accused 
of  .a  spirit  of  antagonism,  in  pointing  out  some  of  the  more  serious  errors 
in  the  work  in  question,  and  which,  if  not  corrected,  might  seriously 
mislead  future  students. 

Vol  I.  Chapter  VII.  p.  684,  et  seg.  is  devoted  to  **the  wild  tribes  of 
Central  America,"  and  the  Indians  living  below  Lake  Nicaragua,  and 
the  San  Juan  River  are  here  designated  as  Isthmians  ;  an  appropriate 
name,  since  the  family  seems  to  cover  all  of  Costa  Rica  and  most,  if  not 
all  of  the  State  of  Panama.  But  the  map,  facing  p.  684  is  utterly  incor- 
rect in  so  far,  at  least,  as  it  professes  to  give  the  distribution  of  the  In- 
dians of  Costa  Rica. 

The  region  of  Talamaiica  described  by  me,  as  containing  the  three 
tribes  of  Cabecars,  Bri-bris,  and  Tiribis,  and  known  to  the  Spaniards 
under  the  generic  term  of  Blancos,  is  here  given  up  to  the  Valientcs,  who 
should  be  placed  to  the  south  and  south-east  of  the  Chiriqui  lagoon  ;  and 
the  Ramas,  who  live  in  Nicaragua,  back  of  the  Mosquito  coast.  The 
central  plateau,  in  which  are  situated  the  cities  and  towns  of  Atcnas, 
San  Ramon,  Alajuela,  Heredia,  San  Jose,  Cartago,  &c.,  in  short,  that 
occupied  by  practically  the  entire  Hispano- American  population  of  Costa 
Rica,  is  here  given  to  the  Blancos,  and  on  the  shores  of  the  Gulf  of 


Gabb]  OlO  [Aug.  20, 

Kicoya,  where  at  present  dq  Indians  live,  are  placed  Orotifians  and 
Guetares.  Further,  no  tribes  are  placed  in  South-western  Costa  Rica, 
where  the  semi-civilized  Terrabas  and  Brunkas  live  ;  but  on  p.  748,  the 
author  states  that  *' dwelling  in  the  western  part  of  the  state  are  the 
Terrabas  and  Changuenas,  fierce  and  barbarous  nations,  at  constant 
enmity  with  their  neighbors."  Now  the  Terrabas,  as  well  as  their  neigh- 
bors the  Brunkas,  or  fis  the  Spaniardn  call  them,  the  Borucas,  live  in  one 
or  two  little  villages,  and  are  under  the  complete  control  of  missionary 
priests,  both  ecclesiastically  and  municipally,  and  are  rapidly  losing 
their  language,  as  they  have  their  savage  customs,  and  are  approaching 
the  civilized  condition  of  the  villages  of  Pacaca,  Coa,  Quiricot,  &c.,  in 
Costa  Rica,  where  the  Indians  speak  only  Spanish,  and  have  even  lost 
the  traditions  of  their  former  state.  Again,  the  Changuiuas  formerly 
occupied  the  valley  of  the  Changuina  or  Changina  River,  the  main 
branch  of  the  Tilorio,  on  the  Atlantic  slope,  and  are  either  entirely  ex- 
tinct, or  only  represented  by  a  handful  of  individuals,  swallowed  up  by 
the  neighboring  Tiribis  on  one  side,  and  the  Yalientes  on  the  other. 

In  the  proper  place  I  have  noted  what  can  be  said  of  the  Guatusos ; 
there  is  nothing  to  add,  until  a  responsible  observer  has  the  good  fortune 
to  penetrate  their  country,  and  survive  to  tell  his  tale. 

On  p.  793  of  Vol.  3,  is  a  very  short  vocabulary  of  "  the  language  of  the 
Talamancas,''  copied  from  the  publication  of  Scherzer.  This  traveler 
did  not  visit  Talamanca,  but  from  internal  evidence  I  believe  the 
words  to  have  been  obtained  from  some  of  the  half-civilized  Cabecars  of 
Tucuriqui  or  Orosi,  little  villages  not  far  from  Cartago.  In  evidence  of 
its  unreliability,  I  note  two  or  three  of  the  most  glaring  errors  of  the 
Ust. 

"Man    signa-kirincma.  Woman    signa-aragre." 

Here  signa,  clearly  a  clerical  error  for  sigua^  means  foreigner,  and  the 
word  given  for  woman — sigua  erakur  means  foreign  woman.  So,  the 
prefix  sa  and  su  before  the  names  of  parts  of  the  body  is  the  personal 
pronoun— our.  Suhu  is  Bahu  "our  house.'*  "I  6^-^tf,"  is  really  thou^  the 
error  arising  from  the  Indian  answering  thou^  when  he  was  asked,  "how 
do  you  say  I,*'  the  interlocutor  doubtless  pointing  to  himself.  Fortun- 
ately the  vocabulary  is  very  short,  but  I  am  sure  there  are  not  more  than 
three  or  four  words  in  it  that  would  be  intelligible  to  a  Costa  Rican  In- 
dian. 
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Chapteb  II. 
THE  LANGUAGES  OF  SOUTHEBN  OOSTA  RICA. 

Section  I.— the  bbi-bbi  language. 

In  the  following  notes,  I  have  endeavored  to  embody  such  ideas  and 
conclusions  as  I  have  arrived  at  while  studying  the  language  and  com- 
piling the  vocabulary.  From  the  difficulty  of  obtaining  information  from 
ignorant  people,  and  from  my  own,  by  no  means  perfect  knowledge  of 
the  language,  i>08sibly  errors  may  have  crept  in,  but  while  I  do  not  think 
any  important  ones  will  be  found,  I  do  not  venture  to  claim  infallible 
accuracy.  For  a  year  I  labored  to  find  some  rule  for  conjugation,  and  was 
obliged,  as  it  were,  to  educate  my  infoimers  up  to  the  point  of  being  able 
to  give  me  information  about  a  subject  they  had  never  thought  of,  and 
could  see  no  use  for.  Not  content  to  accept  their  statements  categorically, 
I  watched  carefully  the  use  of  the  verbs  in  their  inflexions,  and  by  dint 
of  cross-questioning  a  number  of  people,  and  rejecting  everything  that 
was  contradictory,  I  think  the  few  verbs  I  have  selected  are  correctly 
given.  I  have  had  the  advantage  not  only  of  a  year  and  a  half  in  the 
country,  in  daily  contact  with  a  fellow-countryman  who  spoke  the  lan- 
guage fluently,  enabling  me  thereby  to  learn  it ;  but  for  two  months,  in 
the  meantime,  while  absent,  I  had  several  intelligent  Indians  with  me 
who  understood  Spanish,  and  finally,  after  returning  to  civilization,  I  had 
with  me  for  eight  months  a  native,  with  whom  I  talked  habitually  in  his 
own  language,  and  from  whom  I  obtained  many  corrections  of  the  errors 
that  a  stranger  must  necessarily  make.  This  boy  became  an  apt  teacher 
and  voluntarily  set  me  right  whenever  he  heard  me  use  an  incorrect  ex- 
pression. 

Counting  the  few  abstract  words  which  have  doubtless  escaped  me, 
and  all  the  specific  names  of  animals  and  plants,  and  many  of  the  latter 
are  made  up  of  an  adjective,  or  the  name  of  some  plant,  combined  with 
wak  (tribe),  I  do  not  think  the  language  can  contain  two  thousand 
words,  and  perhaps  not  fifteen  hundred.  In  preparing  the  vocabulary 
I  have  rejected  most  of  these  specific  names,  because  there  is  no  corres- 
ponding English  word,  and  a  complete  natural  history  collection,  careful- 
ly studied  by  competent  students,  would  be  required,  so  as  to  obtain  an 
equivalent.  Even  then  it  would  have  been  useless,  because  the  names 
vary  locally  as  much  as  similar  words  do  in  English. 

In  compound  words,  I  have  in  most  cases  pointed  out  the  roots,  and 
separated  the  component  parts  by  a  -+-  sign.  Although  so  much  detail 
may  have  been  unnecessary,  the  study  was  interesting  to  myself,  and 
some  of  the  curious  results  may  also  interest  others. 

There  can  be  no  doubt  but  tliat  this  and  its  allied  dialects,  like  all 
unwritten  languages,  are  undergoing  great  changes.  The  language 
spoken  in  Terraba  was  formerly,  and  probably  not  long  ago,  the  same  as 
that  of  Tiribi.  There  are  marked  difi'ei-ences  between  the  Cabecar  of 
Coen  and  that  of  the  Estrella  or  North  River,  and  oven  local  difi^erenoes 
in  the  use  of  r,  I,  and  d,  can  be  observed  between  the  half  of  the  Bri-bri 
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tribe  living  on  the  Uren,  and  the  others  scattered  over  the  rest  of  the 
country.  In  different  districts  **a  little,'*  wiri-wi'-ri  is  also  pronounced 
hi-ri-bi'-ri  and  wi-di-wi'-di,  and  many  other  words  especially  those  with 
r  or  ^  before  a  vowel,  vary  fully  as  much.  As  has  been  justly  observed  by 
Max  Miiller,  laziness  often  helps  this.  '  The  present  name  for  rain  kon'-ni 
for  instance,  is  clearly  derived  from  koi(g'-lu  In  fact  the  proof  exists  in  the 
form  of  the  word  for  dust  koi^'-mo-li.  But  kon'-ni  is  easier  to  pronounce 
than  koiQ'-lt\  and  has  taken  its  place. 

It  would  be  an  interesting  study  to  trace  out  the  ideas  which  have  in- 
fluenced the  foi*mation  of  compound  words.  In  Bri-bri,  a  hill  is  kortg'- 
be-ia,  the  point  of  the  country  ;  in  Cabecar  it  is  kor^-tsu',  the  breast  of 
the  country,  from  ^u,  a  woman's  breast.  Again  in  Bri-bri  a  sharp  knife 
is  said  to  be  a-ka'-ta^  toothed  (that  it  may  bite,  or  cut),  the  beak  of  a 
bird  is  called  its  tooth ;  and  the  same  root  {kwo)  is  used  for  a  fluger-nail, 
a  fish-scale,  a  bird's  feathers,  the  bark  of  a  tree,  or  the  rind  of  a  fruit. 

Some  few  words  are  used  in  such  varied  connections  that  they  warrant 
special  notice.  Among  these  are  wo,  koiTg,  i-tu,  kin,  &c.  Kojig  is  a  part 
of  nearly  all  words  relating  to  the  earth,  the  sky,  the  atmosphere,  in 
short  the  general  surroundings.  It  means  the  country,  the  day,  the 
weather.  In  composition  it  forms  part  of  the  word  for  a  hill,  valley,  &c. 
Wo  means  originally  round,  either  circular  or  globular.  It  is  also  ap- 
plied to  almost  all  masses  or  lumps ;  it  further  forms  a  component  of 
words  having  a  reference  to  entirety  or  completeness ;  thus  alone,  it 
means  the  human  face,  in  compounds  it  forms  a  part  of  the  names  of  the 
sun  and  moon,  of  many  parts  of  the  human  body,  of  a  drop  of  water,  of 
a  knot,  of  fruits,  seeds,  &c  ;  and  of  verbs,  such  as  to  make,  to  close,  to 
open,  to  extinguish,  to  tie,  &c. ;  i-tu'  means  originally  to  chop,  but  is 
applied  to  shooting,  striking  with  intention  of  wounding  (in  contradis- 
tinction to  i-pu'  to  whip).  It  also  forms  part  of  the  verbs  to  shut,  to  ex- 
tinguish, to  lie  (or  throw  one's  self)  down,  and,  in  the  latter  sense  is 
also  used  for  to  pour  (to  throw  out  of  a  vessel).  Kin  means  a  region,  or 
district,  and  is  always  used  in  connection  with  some  qualifying  word ; 
thus  Lari'kin,  the  country  or  region  of  Lari ;  de-je'-kin  the  salt  region  or 
sea ;  Uong'-kin  the  sand  region,  or  beach  ;  but  nyo-ro'-kin  means  in  or 
on  the  road,  and  be-ta'-kin  on  top  (of  a  hill  or  mountain).  Ki-cha'  means 
originally  a  string  ;  derivatively  a  vine  to  tie  with  is  tsa'  ki-cha,  or  a 
string  vine.  Veins  and  tendons  are  called  by  the  same  word  on  account 
of  their  resemblance  to  strings,  while  the  joints  of  the  limbs  are  called 
ki'Cha'-wo  or  the  lump  of  strings.  Pa  and  pe,  mean  people  ;  the  former 
combined  with  the  8d  pei*son,  singular,  personal  pronoun  ye,  makes  ye-pa, 
the  3d  person,  plural.  It  is  also  used  combined  with  wak,  tribe  ;  thus, 
Lari'Wak,  means  the  people  of  Lari ;  sa  wak-ipa,  our  people ;  in  this 
case  used  probably  as  much  for  clearness  as  anvthing  else,  since  Ua  wak, 
C*  vine-tribe  ^^)  means  ants  I  Hawak-i-pa,  your  people.  Pe,  used  alone 
means  somebody  ;  whose  is  it?  ♦*!>«  cha ;"  "somebody's,"  cha  being  the 
sign  of  possession. 
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There  are  several  words  which  chauge  their  form,  or  which  are  even 
substituted  by  others,  according  to  the  sense  or  connection  ;  thus  u'-te-kiUf 
soroetlmes  pronounced  hu'-te-kin,  means  out  or  outside  of  the  house  or  of 
anything  else  in  all  ordinary  cases ;  but  for  a  person  to  go  out  of  the 
house  is  not  mia  u'-te-kin  or  mia  hu'-U-kin^  but  mia  hu  pa'-gl.  This  pa'-gl 
is  used  in  no  other  connection ;  and  the  sound  occurs  nowhere  else  in  the 
language  except  as  pagUchi-ka  (sugar)  and  pagl,  the  numeral  eight  with 
either  of  which,  it  is  obviously  not  related.  But  the  numerals  illustrate 
this  most  markedly.  For  instance  three  is  m-Tiyat,  and  as  such  it  is  used 
in  counting  all  things ;  three  houses,  hu  n^nyat ;  but  three  men  are  pe 
m-nyal  and  three  days  are  koiTg  m-nyar.  Bit,  how  many,  becomes  bil, 
how  many  persons,  &c.  Old,  fat,  to  grow,  pregnant,  &c.,  change  in  a 
similar  manner  when  applied  to  animate  and  inanimate,  or  to  human  and 
lower  objects. 

It  is  remarkable  that  in  a  language  otherwise  so  poor,  at  times  it  should 
go  to  the  other  extreme.  In  civilized  languages,  notably  in  Spanish, 
there  is  a  great  variety  of  words  to  express  the  shades  of  colors  of  ani- 
mals, particularly  the  horse.  These  words,  originally  adjectives,  are 
often  used  as  nouns.  But  in  Bri-bri  we  have  eight  nouns  to  distinguish 
pigs,  six  of  which  are  for  color ;  viz. : 

white,  mti-lush', 

black,  do-losh'. 

gray,  bi$h\ 

red,  maah  (a  as  in  far). 

half-white,  half-black.  bl-taus'. 

black,  with  white  face,  kn-joa', 

with  throat  appendages,  bU'Ush\ 

short-legged,  na'-na  (Spanish  enana,  a  dwarO* 

These  words  are  in  every  serse  nouns  only,  and  are  just  as  correctly  the 
names  of  the  respective  animals  as  the  generic  term  ^*coche,^^  Chickens 
and  dogs  have  similar  distinguishing  names,  but  I  have  never  been  able 
to  learn  that  horned  cattle  {vaca,  whether  bull  oi  cow,)  are  so  honored. 
Horses  are  comparatively  unknown.  The  only  representative  of  the 
race  in  the  country  being  Mr.  Lyon's  old  yellow  mare,  there  has  never 
arisen  the  necessity  for  the  additional  tax  on  their  inventive  powers. 
Words  expressing  physical  qualities  of  matter  are  as  abundant  as  in  more 
civilized  languages,  and  their  use  is  as  strictly  limited.  Hard,  strong,  or 
stiff,  is  de-re'-re.  Soft,  like  a  cushion  or  fresh  bread,  is  b-jo'-b  jo,  while  soft 
like  cloth  it  is  a-ni'-a-ni  or  a-ni'-ni-e.  Weak  or  fragile,  like  a  string,  or  a 
vessel,  powerless  like  a  weak  person,  or  tender  like  meat,  are  to' -to  or  to- 
tal'. Elastic,  like  caoutchouc,  is  ki-taung'-ki-tsung  ;  when  like  a  switch, 
it  is  kras'-kras.  Plastic,  like  mud  or  putty,  is  i-no'-i-no.  Pasty,  like 
dough,  is  i-tu-wo'.  When  more  fluid,  like  very  wet  mud,  it  is  a-bas'-d- 
bus.  Viscid,  like  syrup  or  honey,  18  ku-nyo'-ku-nyo  ;  while  very  fluid, 
watery,  is  di'Se-re-ri, 
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Plantains,  bananas,  maize,  and  beans  must  have  been  in  use  by  the  In- 
dians before  the  arrival  of  Europeans,  since  they  have  specific  names  for 
all  of  tbem ,  but  all  domestic  animals  have  only  the  names  that  came 
with  tbem. 

I  have  found  very  few  words  tbat  I  can  trace  clearly  to  foreign  sources. 
Tbe  names  ofintroduced  animals,  mentioned  above,  articles  of  clothing,  and 
foreign  utensils  make  up  almost  the  entire  list.  We  have  ar'-roz,  Spanish 
arros' ;  sonibre'no,  Sp.  sombrero ;  zapato,  pure  Spanish ;  pana,  English 
pan,  all  hollow  vessels  of  thin  metal,  of  whatever  form  ;  cuchara, 
Spanish  ;  bi-wo,  English  bead,  wo  native  word  for  anything  round  ;  tigera, 
Spanish;  pusiy,  English  ;  chi-ehi,  Aztec  techwhiy  the  edible  dog  of  Mexico 
{fide  Belt),  a  word  used  all  over  Spanish  America,  and  adopted  by  the 
Bri-bri  and  adjoining  tribes  in  the  Spanish  form ;  cachiinba^  vulgar 
Spanish  ;  da-wa',  probably  corrupted  from  tabaco;  ko-no'y  corrupted  from 
canoe  ;  taca,  eaballOf  and  eocliey  Spanish.  Alma^  a  corpse,  bears  a  suspi- 
cious resemblance  to  the  Spanish  alnuiy  the  soul.  Doko-ro'f  a  chicken, 
seems  to  bo  derived  from  the  crow  of  the  cock  ;  i-e'-nay  is  probably  not 
tbe  Spanish  llena,  with  which  it  corresponds  in  meaning,  but  is  derived 
from  e'-na^  finished.  Ese,  that,  and  es-es  (=  Spanish  eso  es)  are  probably 
derived  from  the  Spanish. 

The  enumeration  is  decimal,  and  is  simple  in  structure.  Few  pretend 
to  count  beyond  ten,  and  in  counting  loose  objects  if  the  number  is  con- 
siderable, they  are  set  apart  in  groups  of  ten;  thus  forty-six  would  be  four 
tens  and  six.  In  speaking  of  numbers  the  fingers  come  into  play.  It  is  as 
common  to  see  three,  four,  or  more  fingers  held  up,  with  the  remark  *'so 
many''  as  to  hear  the  numeral  mentioned.  Beyond  ten,  the  toes  are  called 
into  service,  and  the  surplus  over  the  ten  toes  is  counted  on  the  fingers,  held 
downwards  in  this  case.  The  word  for  five,  skang^  is  clearly  (u-ra)  uka^ 
the  fingers.  Beyond  ten  we  have  '*  ten  more  one,"  &c.,  but  from  twenty 
upwards  I  found  so  much  confusion  of  ideas  and  contradiction  that  I 
strongly  suspected  my  informers  of  politely  trying  to  invent  comi)Ound8 
to  please  me.  By  careful  questioning,  and  still  better,  by  watching  con- 
versationj*,  I  found  that  twenty  is  "ten  two  times,*'  &C.,  after  which  the 
form  of  the  **  teens"  is  repeated;  so  that  twenty-one  is  **  ten  two  times 
more  one,"  d^bob  but  juk  ki  et.  There  is  no  word  for  one  hundred  unless 
wo  use  d^bob  d^bob  juky  which  would  be  legitimate  and  intelligible,  al- 
though I  confess  I  never  heard  it  used. 

Wa^  kaj  kfy  and  ta  added  as  sufiixes  are  equivalent  to  the  English  ed. 
Thus  t-da-wo'y  to  die;  i-da-woiig'-wa,  dead;  Zi;»'-a,crazy;  ya  lin'-a-ka,  he  is 
crazed  ;  paVye,  to  paint ;  pat-yet'-ke,  painted;  stt-UiVy  flat ;  BuUtaV-ke^  flat- 
tened ;  boi,  good  ;  boir'-k^,  healed ;  be-ta'y  a  point;  bc-ta'-Uiy  pointed,  &c. 

Kli  used  as  suffix  is  equivalent  to  our  ish;  thus  boi,  gi>od;boi-kli,  goodish 
(».  e,  pretty  good  or  well);  tyng,  large;  tyng'-kli,  largish;  mat'-ke,  red;  ma^'- 
kli,  i-eddish.  Ung  and  ong^  which  in  Terraba  and  Tiribi  are  almost  the 
universal  signs  of  the  active  verbs,  are  represented  by  the  termination 
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ung  in  nearly  a  dozen  Bri-bri  verbs,  where  it  has  about  the  same  vahie  as 
English  affix  ate. 

Articles  and  coixjunctions  do  not  exist  in  the  language/  the  other  parts 
of  speech  being  however  present. 

Nouns  have  no  inflections  for  gender,  number,  person,  or  case.  If  it  is 
desired  to  express  sex,  the  word  male  or  female  is  used;  thus  my  daughter  is 
called  ^0  la  e-ra'-kur,  my  woman  child  ;  a  bull  is  vaea  we'-nyi  or  male  cow. 
The  only  exceptions  to  this  rule  are  the  few  words  referriog  to  the 
human  race,  like  man,  woman,  and  some  of  the  family  relationships. 
Beyond  this  no  distinctions  of  gender  occur. 

Number  is  always  indicated  by  a  numeral  or  by  such  words  as  much, 
many,&c.  Two  or  three  words  occur  that  may  be  considered  as  apparent 
exceptions.  Di-eha'  means  a  bone  ;  di  che'  is  bones.  Di-ka^  is  thorn 
and  di-ke'  is  thorns,  not  two  or  three,  but  all  the  thorns  on  a  tree,  in  a 
coU'xjtive  sense.  U-ra'-ska  (u-ra  arm)  is  a  fiager,  while  u-rashkwe' 
(?  iingei*s)  is  the  hand.  The  coincidence  in  the  termination  of  these  iso- 
lated plurals,  if  they  can  be  so  called,  is  worthy  of  not^. 

Person  is  only  indicated  by  the  addition  of  a  personal  pronoun.  I'he 
only  semblance  of  inflection  for  case,  is  the  addition  of  cha,  the  sign  of 
possession,  alike  to  nouns  and  pronouns  ;  or  of  the  preposxtionsy  wa^  ta 
(with),  4&C.,  as  suffixes,  making  an  ablative. 

The  personal  pronouns  are  all  monosyllables  except  lye  pa  (they),  a 
compound  of  ye  (third  per.,  sing.)  and  pa  people.  Although  normally  of 
one  syllable,  they  are  often  used  with  the  termination  re  (except  ye-pa) 
for  either  emphasis  or  euphony  ;  thus  it  is  equally  correct  to  say  j«  or  J«'- 
re.  Me  (yourselQ  is  used  only  in  connection  with  a  verb,  like  me-skUy 
move  yourself;  me  tu  t>,  lie  (yourself)  down.  The  sign  of  possession,  as 
stated  above,  is  added  alike  to  the  pronoun,  or  to  the  name  or  title  of  a 
person  ;j«-Ma,  mine.  Eee  (that)  is  probably  derived  from  the  Spanish,  and 
with  %  (literally  what)  does  duty  for  the  neuter.  Where  the  nouns  in  a 
language  are  so  simple,  it  is  hardly  to  be  expected  that  the  adjectives  and 
adverbs  should  suffer  many  changes.  Boiy  good  or  well,  used  either  as 
an  adjective  or  adverb,  becomes  boi-naf  better,  and  a  sort  of  superlative 
is  formed  by  adding  very  ;  boiehukli,  Tyng^  large,  is  in  an  increased  de- 
gree either  tyng  chukli^  very  large,  or  tyng  bru  ;  bru  meaning  also  large 
but  adding  emphasis  when  the  two  words  are  combined.  To  boi  and  tyng, 
kli  is  added  as  a  suffix  to  qualify  the  sense,  like  Uh  in  English  ;  boi-kli^ 
goodish,  pretty  good,  and  tyng-kU^  largish,  or  somewhat  large. 

The  short  t  which  begins  most  of  the  Bri-bri  verbs,  is  not  specially  the 
sign  of  the  infinitive,  but  is  almost  universally  used  where  the  verb  is  not 
preceded  by  another  word,  and  is  sometimes  used  even  then  for 
euphony. 

.There  are  four  well-defined  moods :  the  infinitive,  the  indicative,  the 
subjunctive,  and  the  imperative.  The  subjunctive  is  as  simple  as  in  Eng- 
lish, being  formed  from  the  indicative  by  mi-ka-re'  (if)  placed  at  the  be- 
ginning of  the  sentence. 
A.  P.  8. — VOX/.  XIV.  3q 
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Humboldt,*  in  speaking  of  the  language  of  Venezuela,  says :  **  The 
Chayma  and  Tamanoc  verbs  have  an  enormous  complication  of  tenses," 
and  adds  that  'Hhis  multiplicity  characterizes  the  rudest  American  lan- 
guages." It  certainly  does  not  apply  to  the  Costa  Rican  family,  which 
is  equally  remarkable  for  the  simplicity  of  its  inflections.  The  present 
tense  does  duty  for  the  present  participle,  and  the  perfect  for  the  perfect 
participle ;  besides  which  we  have  the  past  and  but  a  single  future. 
There  is  no  variation  for  number  or  person. 

The  auxiliaries  used  are  not  constant.  For  the  imperative,  ju  is  some- 
times prefixed,  and  mia  is  often  the  sign  of  the  future.  It  is  genei-ally  a 
prefix,  but  in  t-haw-nay  to  fall,  it  is  added  to  the  end  of  the  word.  EUo 
(from  etaosiy  to  be,)  is  the  sign  of  the  present  tense  in  pat-yu,  to  paint. 

The  following  examples  will  give  a  better  idea  of  the  conjugations  than 
a  lengthy  explanation.  They  were  selected  from  a  large  number,  and 
have  been  verifled  with  as  much  care  as  the  difficulties  of  the  case  would 
admit.  I  believe  they  may  be  safely  trusted,  inasmuch  as  they  are  words 
that  I  have  heard  in  constant  use  for  over  two  years,  and  not  trusting  to 
categorical  information,  have  watched  their  habitual  use  in  conversation. 
The  first  example,  i-mi'-a,  is  the  most  variable  verb  in  the  language.  The 
forms  given  in  each  tense  are  usable  interchangeably.  It  is  equally  correct 
to  say,  **j«  mit-ka,^^  or,  *^je  mi-at'-ka,^^  I  go.  The  past  re,  and  ra'-re,  are 
used  everywhere  except  by  a  few  people  on  the  Coen  River,  where  the 
more  regular  form,  mi-a'-na^  is  used. 

Conjugations. 

Togo. 
Inf.  I-mi'-a. 

Ind.     Pres.,  '^      '     '     *  j  used  interchansreably. 

r  re,       I  from  the  verb,  ra'-Uki; 
Past,    \  ra're,  j  the  forms  ordinarily  used. 

y  mi-a'-na;  used  only  on  the  Coen  River. 
Perf.,  mi-cho'. 
p,  (  mi'-a,  affirmative. 

*'    I  (ke)  mi'-na,  negative  (ke^  not.) 
Imperative,  ju.    When  in  combination  with  an  object  expressed; 
be  JU  iiUy  "thou  go  shoot.'*  This  is  the  al- 
most universal  auxiliary  sign  of  the  imper- 
ative mood, 
ju-shka,  JM,  as  above;  shka  {8hku\  to  walk, 
mi'-shka,   confined  to  the  first  person  plural.     It 
means,  "let  us  go,'*  or,  "come,''  and  can 
be  used  as  an  auxiliary  to  almost  all  the 
other    verbs;  mi-shka  du  tUj  "let  us  go 
birds  shoot." 

*  Trav.,  vol.  1.,  p.  327,  Enj?.  Ed. 
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To  burn. 
Inf.  I-nyor'-ka. 

Ind.     Pres.,  i-nyor-ket'-ke. 
Past,  I-iiyor-no'-ka. 
Perf.,  I  nyor-no'-wa. 
Fut.,  I-nyor-wa'-ne-ka. 
To  cook. 
Inf.  Mu'. 

Ind.     Pres.,  Muk'. 
Past,  I-li'-na. 
Perf.,  Ilet'-ke. 
Fut.,   Mil'. 
Imper.  I-luk'. 

To  speak. 
Inf.  I-Shtu'. 

Ind.    Pres.,  I-Slituk'. 
Past,    I-Shte'. 
Perf.,  IShtet'-ke. 
Fut.,    Ubte'. 
Imper.  i-Shtuk'. 

To  walk. 
Inf.  i-shku'. 

Ind.     Pres.,  I-shkuk'. 
Past,    I-shke'. 
Perf.,  I-shket'-ke. 
Fut.,    I-sbku'. 
Imper.  sbku'-ta,  walk  to  (come), 

ju'-sbka,  walk  from  (gfo). 
To  this  verb  we  must  add  tbo  following  irregular  forms :  shkat'-ke^  to 
walkabead;  its  derivative,  it-kat'-ke,  bas  gone  abead,  and  mi'-sfika,  for 
wbicb  see  tbe  note  to  tbe  first  verb,  t-mia. 
To  sboot,  to  cbop. 


Inf. 

I-tu'. 

Ind.     Pres., 

1-tuk'. 

Past, 

I-te'-na. 

Perf., 

!  tet'-ke. 

Fut., 

<mia)  I-tu'. 

Imper. 

(ju)     1-tu'. 

To  paint. 

Inf. 

pat'-yu. 

Ind.     Pres., 

(etso)  pat-yuk';  {eUo,  to  be). 

Past, 

pat-ye'. 

Perf., 

pat-yet '-ke. 

Fut., 

pat-ye'-ke. 

Imper. 

pat-}uk'. 
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To  eat. 


Inf. 

I-ku-tu'. 

Ind.    Pres., 

I-ku-tet'-ke. 

Past, 

l-ku-te'. 

Perf. 

I-ku-te'-wa. 

Fut, 

I-ku-te'. 

Imper. 

i-ku-tuk'. 

To  start 

Inf. 

i-be-te' 

Ind.    Pres., 

I-be-te'. 

Past, 

i-be-te'. 

Perf., 

i-be-tet'.ko. 

Fut, 

i-be-te'. 

Imper. 

i-be-ti'-nuk.      Only  used    in    a  negative 

sense,  ''ke  he-W-nuk^''  do  not  start  (or 

move);  t.  «.,  **keep  perfectly  quiet" 

I'o  roast 

Inf. 

t-ku-ke'. 

Ind.    Pres., 

Iku-kuk'. 

Past, 

I-k«-tu'-na. 

Perf., 

I-ku-ket'-ke. 

Fut., 

I-ku-ke'. 

Imper. 

i-ku-kuk'. 

To  exchange. 

Inf. 

!-mne'-we. 

Ind.    Pres., 

I-mne-wet'-ke. 

Past, 

i-mne'-uiig. 

Fut., 

(mi'-a)  mne'-we. 

Imper. 

I-mne'-uii|;. 

To  sleep. 

Inf. 

ki-puk. 

Ind.    Pres., 

kl-pa-wet'-ke. 

Past, 

kl-pe'. 

p.,,.,  {HI: 


r  kl-pug'-wo. 

-pet'-ke;  third  person  plural  only. 
Fut,     kl-put'-ke. 
Imper.  (ju)  kl-put'-ke. 

To  lose  (inanimate  objects). 
Inf.  I-cho'-  wa. 

There  are  no  changes  in  this  verb,  except  that  mia  is  added  to  the  Ind., 
Fut    There  is  no  Imperative. 
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To  lose  (animate  objects). 


Inf. 

1-cho-rai'. 

Ind.    Pres,, 

I-cho-rai'. 

Past, 

I-cho-rai'. 

Perf., 

I-cho-rat'ke. 

Put, 

I-cho-ret'-ke. 

To  listen. 

Inf. 

I-Shtsu'. 

Ind.    Pres., 

I-shtsuk'. 

Past, 

I-Shtse'. 

Perf., 

I4ihtset'.ke. 

Put., 

l-fibtse'. 

Imper. 

i-§htsuk'. 

To  count. 

Inf. 

i-shtaung^ 

Ind.      Pres., 

!-shtaunk'. 

Past, 

I-shta'-we. 

Perf., 

I-sbtaung'. 

Put., 

(mia)  shta'-we. 

Imper. 

I-shtaunk. 

To  fall. 

Inf. 

I-haw'-na. 

Ind.      Pres., 

I-haw'-nuk. 

Past, 

!-haw'-ne. 

Perf., 

T-haw-net'-ke. 

Put., 

I-haw'-na  (mi),  (mia).  * 

To  push. 

Inf. 

pat'-ku. 

Ind.      Pres., 

pat'-kuk. 

Past, 

pat'ke. 

Perf., 

pat-ket'-ke. 

Put., 

pat'-ke. 

Imper. 

pat'-kuk. 

To  feed. 

je-ku'  has  the  same  terminations  as  pat'- 

[ku. 

To  want. 

Inf. 

l-ki-a'-na. 

,  !-ki-a'-na. 

Ind.      Pres., 

(I-ki-et'-ke,     third  person  only  ;  when 

"he  toants  you." 

Past, 

I-ki-e'. 

Put., 

I-ki-e'. 
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The  place  of  the  accent  is  strictly  determined  by  the  structure  and 
etymology  of  compound  words.  In  words  composed  of  a  noun  and  an 
adjective,  the  accent  is  placed  on  the  adjective;  thus  di  \ki-hi' y  large 
water,  i.  «.,  river ;  cJii-kaj-tyng'f  large  substance,  i,  e.,  stout ;  sa-ici' -\-juk, 
cotton  substance  or  raw  cotton.  This  applies  equally  to  the  emphasis  in 
a  similar  phrase  like  pe  hoxo'-ri,  other,  or  different  people.  When  the 
word  is  composed  of  an  adjective  or  adverb,  with  a  verb,  the  accent  goes 
with  the  verb  ;  thus,  \-8\ui7g  -rpu'j  to  spread  ;  i-wo^ta'^  to  shut.  When 
composed  of  a  noun  and  a  verb,  it  follows  the  same  rule ;  thuff, 
be-ta-\  on'-te,  the  remainder  (i.  e.,  the  end  stays  or  remains).  When  com- 
posed of  two  nouns,  one  in  an  adjective  sense,  the  accent  is  on  the  quali- 
fying noun,  like  mo'  \-wo,  navel ;  du'  \hUf  nest  or  bird-house  ;  t8u'-\-di-o, 
milk  or  teat-juice;  tsn'  \  wo,  a  woman's  breast;  tftu-wo'  i-be-ia,  nipple. 
This  rule  is  almost  universal  in  Bri-bri,  and  obtains  generally  in  the 
other  languages ;  the  greatest  number  of  exceptions  being  in  Terraba. 

In  the  simplest  sentence,  the  nominative  begins,  followed  by  the  object, 
and  the  verb  comes  last.  When  a  noun  is  qualified  by  an  adjective,  the 
adjective  follows  the  noun.  In  tlie  same  way  the  adverb  follows  the  verb ; 
and  the  verb  closes  the  sentence,  unles>s  it  is  accompanied  by  an  adverb, 
or  adverbial  phrase.  In  case  there  ara,  in  addition  to  the  nominative, 
object,  and  verb,  another  noun,  governed  by  a  preposition,  these  latter 
close  the  sentence.  I  strike  you  ;  ^>  be  pu,  I  thou  strike,  I  strike  you 
hard ;  je  be  pu  derere.  The  strong  man  chops  the  wood  well ;  wewi  derere 
kar  tu  boL  Will  you  go  with  me?  ;  be  mia  je-ta,  thou  go  I  with.  To, 
icUf  and  veiig  (see  notes  on  the  nouns)  are  always  added  as  suffixes  to 
the  nouns  or  pronouns  which  they  qualify,  and  form  a  sort  of  ablative 
case.  But  where  ^re^^y  is  used  in  the  sense  of  **  where  is,"  it  begins  the 
sentence.  Whose  hat  (is  this)?  j«  sombreno?  Mine  \je''Cha,  How  many 
people  are  there  in  your  house  ?  pe  bit  tsosi  be  hu-iDewj?  people  how  many 
are  tliy  house-where?  Where  is  he?  wei9j  ye  Uso?  where  he  is?  lie  re- 
mained in  the  middle  of  the  road  ;  ye  ont^  nyoro  shouf/j  he  remained  road 
middle.  Give  me  a  chair  (or  bench),  kry-ica'  viu'-nya;  chair  give  me. 
Give  him,  mu'-ye.  Reach  me  my  hat ;  je  sombre  no  be  ura  reskity  my  hat 
thou  hand  reach.  Heat  the  water  ;  di  ba-ung,  water  make  hot.  The 
water  is  hot;  di  ba  bana,  water  wai-m  heated  (is).  Put  out  the  tire; 
boxDO  ico'tu'y  tiro  extinguish  (or  close).  The  fire  went  out ;  bowo  l-to'-wa, 
Shutthedoor;  hu  shku  wo-tu\  house  door  shut.  Unfasten  the  door;  hu 
nhkn  wo-Jet'-m,  Open  the  door  ;  hu  shku  wo-hu'-ira.  Where  is  my  knife? 
ireiTyje  tdbe?  where  my  knifo  {et  so,  to  be,  understood)?  Your  knife  is  there; 
be  tube  Uosi  diya,  thy  knife  is  there.  Give  me  my  knife  ;  je  tabe  muaya,  my 
knife  give.  My  knife  is  very  sharp  ;  je  tahe  ukata  boi,  my  knife  toothed 
good.  (»o  shoot  a  bird,  or  go  shoot  birtls ;  be  ju  du  tu,  thou  go  bin! 
shoot.  What  with?  i-icaf  With  a  gun  ;  mokkur  ira,  gun  with.  What 
kind  of  a  gun?  mokkur  i*?  gun  what  kind?  Our  country  gun  (blow- 
gun)  ;  sa  konska  mokkur,  own  country  gun.  There  are  no  balls  (the 
clay  balls  or  pellets)  ;    mokkur  ico  ke  ku,  gun  round   (things)  no  more 
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(are  underst  )oJ\  Why  do  you  not  make  some?  i  kuenke  be  ke  mokkur 
wojuwof  why  thou  not  gun  round  (things)  make?  There  is  no  clay  (or 
material)  ;  mokkur  wochika  ke  ku,  gun  round  (things)  material  no 
more.  Is  your  gun  a  good  one?  he  mokkur  hoi?  thou  (thy)  gun  good? 
Does  it  shoot  well?  %tu  hoi?  shoot  well  (or  good)?  Good  morning  ;  be 
shke'fio  f  thou  art  awake,  or  arisen  (literally,  straightened  up).  Reply; 
je  (I)  shke'na.  Be  ratski;  thou  hast  arrived  (salutation  on  a  person 
entering  a  house).  Je  ratskif  I  have  arrived.  Ilnw  are  you?  i«  he  Um? 
how  thou  (et'So^-si)  art  ?  I  am  well ;  je  Hno  hoi.  Where  did  you  come 
from  ?  weifg  be  hete'f  where  thou  8ta»  t?  Who  went  with — ?  ji  re  — ta  ? 
who  wont — with?  I  did  not  see;  ke  je  wai  suna,  not  I  {loai  idiom) 
saw.  I  do  not  know ;  ke  je  wai  upJicJien,  This  toai  occurs  nowhere 
except  in  these  two  instances.  What  did  you  go  for?  tub  be  ref  why 
thou  went?  I  went  to  call  my  people  ;  je  re  je  wakipa  ikiUy  I  went  I 
(my)  people  to  call.  Are  they  coming?  yepa  ratski?  they  come  (or 
arrive?  No;  I  think  th^y  have  gone  away;  au;  je  Tienbeku  ye  micho, 
No;  I  think  they  have  gone.  Let  us  go  too  ;  mi*hka  hekepi^  let  us  go  alike. 
Where  is  — ?  wti^ — ?  He  has  gone  ahead  ;  ye  H-katkCy  he  has  walked 
ahead  (see  note  on  l-sliku,  in  conjugation).  Put  on  your  clothes; 
he  sa-wi'  i-u,  thou  clothing  (cotton)  put  into. 

Section  II. — miscellaneous  notes. 

Although  the  tradition  exists  that  the  people  of  Terraba  are  a  com- 
paratively late  emigration  from  the  region  of  the  Tiribis,  and  although 
the  tradition  is  sustained  by  the  general  resemblances  of  language,  and 
by  the  fact  that  the  Brunkas  (or  Borucas),  evidently  older  occupants  of 
the  soil,  are  crowded  into  a  comer  like  the  Celtic  tribes  of  Europe ; 
yet  there  are  marked  differences  between  the  idioms  spoken  in  Tiribi 
and  in  Terraba.  The  Dialects  of  Southern  Costa  Rica  can  be  divided 
into  three  groups:  First,  the  Bri-bri  and  the  Cabecar;  second,  the 
Tiribi  and  Terraba  ;  and  lastly,  the  Brunka.  The  three  divisions  possess 
many  roots  and  even  entire  words  in  common,  and  may  well  be  com- 
pared in  their,  resemblan  ^es  and  differences  with  the  Latin  languages. 
The  first  group  is  strongly  marked  by  the  short  l  before  nearly  all  verbs 
and  by  a  generally  more  musical  sound  ;  while  the  second  is  harsh,  in 
consequence  of  the  frequent  repetition  of  sound  of  z.  The  Cabecar  I 
before  the  verb  is  not  so  persistent  as  in  Bri-bri,  but  is  more  strongly 
pronounced,  approaching  more  nearly  the  ordinary  Latin  or  Spanish  ». 
The  terminations  ung  and  ong  are  as  marked  as  the  sign  of  the  verb,  in 
the  second  group,  as  i  is  in  the  first.  The  z  which  almost  invariably 
accompanies  this  termination,  is  i*arely  a  part  of  the  last  syllable,  but 
is  usually  sounded  at  the  end  of  the  penultimate,  unless  when  abbrevi- 
ated into  zu  or  zo, 

A  gradual  process  of  change  is  clearly  discernible  in  these  languages. 
As  yet  the  Bri-bri  and  Tiribi  have  been  but  little  affected.  But  the  Cab- 
ecar of  Coen  is  absorbing  many  Bri-bri  words  because  the  people  of  the 
Coen,  although  they  use  their  local  dialect  among  themselves,  all  speak  Bri- 
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bri  also,  while  the  latter,  as  the  conquerors,  despise  the  Cabecars  and  never 
attempt  to  learn  their  language.  The  Cabecars  of  Estrella  rarely  speak 
Bri-bri,  but  nearly  all  understand  it,  as  well  as  Spanish  and  some  speak 
English,  and  words  of  both  these  latter  languages  are  gradually  being 
adopted.  The  Tiribis  are  too  isolated  to  acquire  many  foreign  words ; 
but  their  near  relatives  the  half-civilized  people  of  Terraba  as  well  as  the 
neighbors  of  these  latter,  the  Borucas,  are  rapidly  acquiring  Spanish  at 
the  expense  of  the  corresponding  words  of  their  own  language.  In  a  party 
of  five  Borucas,  there  was  not  one  who  could  count  except  in  Spanish ; 
and  OLe  of  my  Terraba  friends  could  remember  no  word  for  girl,  ex- 
cept muchacha  (Spanish),  until  I  suggested  (supported  by  analogy)  the 
word  wa-re'  (woman),  when  he  remembered  that  he  had  heard  some 
of  the  old  people  use  wa-wa-re' !  In  like  manner,  he  persisted  in  giving 
me  the  Spanisli,  '*  lucero  *'  for  star,  besides  many  other  words. 

Many  roots  run  through  the  entire  group  of  languages  unchanged,  or 
with  changes  so  trifiing  that  they  are  not  worthy  of  note.  Again  some- 
times the  root  varies  while  the  ruling  idea  is  the  same.  An  illustra- 
tion of  this  last  case  is  the  following :  In  Bri-bri,  to  forget  is  hen-i- 
cho  ;  to  remember  is  ke  hen  i-eho,  from  ke  not,  fien  the  liver,  and  i-cho  to 
lose.  To  think  is  also  ?ien  he-ka  (probably  from  be  ket-ke,  ready).  Liver  in 
Tiribi  is  Wf\  in  Terraba  too,  and  in  Cabecar  her ;  while  to  think  is,  in 
Tiribi  wo  tnizung^  in  Terraba  woi-du^  and  in  Cabecar  her-wik.  The  acts 
of  thought,  memory,  &c.,  have  been  attributed  to  the  liver,  with  about  as 
goo<l  reason  as  we  yet  place  the  seat  of  sentiment  in  the  heart. 

In  Bri-bii,  to  lie  down  is  tu  m,  to  throw  down ;  imperative  me  (yourselO 
tu  t>.  In  Terraba  tush  ko  (down)  is  used  in  the  same  manner ;  fa  tush 
ko,  thou  sit  down,  and /a  bu  tush-ko^  lie  down  (bit)  long. 

Changes  of  roots  are  illustrated  by  the  following.  In  Bri-bri,  kt-puk'  is 
to  sleep,  and  a  hammock  is  ki-pu'.  In  Cabecar  a  bed  is  kd-pu'-grUy  in 
Tiribi  and  TeiTaba  it  is  bu'-kru ;  and  in  Brunka  kap  is  to  sleep. 

In  Brunka  a  ghost  is  i-wik^  and  a  shadow  is  ka-wik',  and  a  devil  or  evil 
spirit  is  kag'-bru.  In  Bri-bri,  a  fihost,  or  spirit  of  a  dead  person  is  xoig'- 
bru.  In  Cabecar,  a  shadow  is  wig'-ra^  while  in  Tiribi  it  is  ya'-gro,  and 
in  Bri-bri,  si-ri-u'-gur,  thus  connecting  the  word  in  Bri-bri  for  ghost,  or 
departed  spirit,  with  that  for  shadow  by  means  of  the  allied  idioms, 
although  without  the  intermediate  changes  of  the  root,  it  would  not  have 
been  demonstrable. 

It  is  evident  that  the  Cabecar  mog-%',  straight,  and  the  Bri-bri  maw'-ki, 
true,  are  identical.  Although  the  Bri-bri  word  si'-gua^  foreigner,  has  been 
replaced  in  the  other  languages,  by  other  words,  it  remains  in  the 
Terraba,  as  a  compound,  in  the  name  of  the  banana,  bin-sigua,  evidently 
**  foreign  plaintain,"  from  bing,  a  plaintain  ;  because  it  may  have  been 
introduced  at  a  later  dale  than  the  larger  fruit,  and  when  the  woixl  sigua 
was  yet  in  current  use. 

Again,  the  idea  changes,  and  with  it,  words  from  other  roots  come  in, 
thus  :  lightning,  in  Bri-bri  is  ara  wo'-nyn,   **  the  thunder  Hashes  ;  *'  the 
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Tiribi  ihgu-^ring'  and  the  Terraba  zhu-ring',  seem  to  be  specific  ;  but  the 
Cabecar,  kong-wo-hor'-kn  is  *'the  atmosphere  burns,"  while  the  Brunka 
jV-kra  is  simply  **  fire." 

Like  the  two  or  three  cases  of  imperfect  plural  in  Bri-bri,  already  men- 
tioned, the  Terraba  has  a  single  plural  word  ;  or  rather  only  an  approach, 
a  sort  of  transitional  form.  Zhgring  is  a  rib,  and  zhgring'-ro,  the  ribs  in 
their  collective  sense,  rather  as  the  bony  case  of  the  thorax,  than  as  the 
several  bones. 

As  stated  above,  the  compound  words  in  the  vocabulary  of  Bri-bri  are 
divided  by  a  -f  sign  between  the  component  parts.  In  the  other  lan- 
guages, there  are  doubtless  many  that  have  not  been  properly  separated, 
because  I  have  not  ventured  to  make  theoretical  divisions,  and  have  only 
separated  those  that  were  obviously  compound.  My  less  perfect  acquaint- 
ance with  them  has  not  warranted  me  in  this  step,  nor  in  the  probably 
unnecessary  detail  of  analysis  to  which  I  have  subjected  the  language  of 
Bri-bri. 

In  Terraba  the  3d  person,  singular,  pronoun  kioe^  while  not  varying 
for  gender  or  number,  has  three  forms  which  always  appear  according  to 
a  peculiar  condition,  thus  : 

he,  she,  (sitting  or  lying  down)  so'-kwe. 
**     "     (standing)  shon'-kwe. 

**  ■  **    (going)  hor-shon-kwe'. 

In  Brunka,  1,  thou,  he,  (or  she)  and  we,  Oi-de-bi'^  &o., )  are  used  with 
the  termination  de-bi'  whenever  they  occur  alone.  When  combined  with 
other  words  in  a  sentence,  the  first  syllable  only  (a,  ha^  t,  and  jrt)  is  used. 
The  termination  is  almost  an  integral  pai*t  of  the  word  and  must  be  used 
when  alone.  This  is  the  reverse  of  the  termination  re  in  Bri-bri,  which 
is  rarely  used  except  in  a  seatonco,  and  then  only  for  euphony  or  emphasis, 
and  at  the  option  of  the  speaker. 


Chapter  III. 

TOCABULARY  OF  THE  LANQrAGE  OF  THE  BRI-BRI  INDIANS. 

[Note. — In  this,  and  in  the  accompanying  vocabularies,  the  vowels 
have  the  same  sounds  as  in  Spanish,  unless  marked  with  a  special  sign  ; 
e  is  pronounced  as  in  English  met ;  t  as  in  pin  ;  n  as  in  mum,  J  has  the 
sound  as  in  John  ;  ng  as  in  thing ;  i7g  like  the  French  nasal  n  ;  »h  like  ch 
in  the  German  ich  ;  h  is  aspirated  as  in  English.  A  few  words  having 
unusual  vowel  sounds  are  noted  separately,  not  to  add  unnecessary  com- 
plication of  conventional  signs  ;  like  si-ai',  blue  and  ku-ku',  ear. 

Compound  words  are  written  with  a  -f  sign  between  the  component 
parts.     Accent  is  of  great  imi>ortance,  the  change  in  position  of  the  ac- 
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cent  sometimes  changing  the  sense  of  the 

drink,  »'-jtt A;  earth,  soil.] 

to  ache  I-de-li'-na 

to  adhere  I-ba'-tsa-wa 

afraid  su-wa'-na 

afterwards  e'-wa 


again 
against 

ago 


to  agree 
to  aim 

air 
alike 


alive 

all 

alligator 

alone 

alongside 
already 
also 
always 

angle 


angry 
ankle 
ant, 


ant-eater 


i-sa-ka' 

I-be-tsu'-wa 
r  er'-a-pa 
}  en-i-ai', 
(  nyo-qf  o'-ni 

/  I-shun'-lu 
I  nyi'+wo-yu 
i-shun'-sa-u 

koi%'+ shu-wang 

'nyi+ke' 

nyi-fShtsei' 

tse'-ka 
Tseng 
I  o-ri-te-ne' 

to-rok' 
f  e'-kur 
(e'mi 

i-yaw'-mik 

je-bak' 

i-sa-ka' 

shu-ar'-i-a 

be-ta' 

si-chi'-a 

o-ru'-na 
o-ra-bo' 
tsa'-fwak 
u-ri' 


.te'+u-ri 


word  entirely  like  i-juk'  to 


See  pain. 
See  against 

Not  *'-wa,  interrogative, 

"what  with." 
See  also. 
See  to  adhere. 
Immediately  past  time. 
Hours  ago;  this  morning. 
Very   long    ago ;    days, 

months,  years. 
See  to  arrange. 
Nyij  together. 

f  KoT^f  see  country  ;  shu- 
i      wangf    from    si-wang'^ 
\     wind. 
JVyi,  together. 
Exactly  alike;  tsei^  much, 
applied    to    words,    or 
two    people   speaking 
alike. 
See  awake. 


E  (et)  one. 

Used  in  the  sense  of  only. 


See  again. 

(A  point ;  the  angle  of  a 
surface  or  the  comer 
angle  of  a  solid. 
The  angle  of  a  prism  ;  see 
square. 


Wak,  people,  tribe. 

Myrmecophaya  juhaia. 

Tamandua  4  dactyla;  to, 
a  forest  clearing  ;  from 
its  being  often  found 
in  such  places. 
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to  arise 

I-ku'-ku 
u-ra' 

u-ra+krong' 

Upper  arm 

arm 

u-ra-f-nya'-we 

Fore-arm,  nya'-we,  belly; 
I      see  calf  of  leg. 

I-shuuMu 

To  arrange,  or  agree  on 
a  question. 

to  arrange 

'  There  is  no  one  word  for 
to    arrange    things    in 

I-mu  boi'-kli-na 

their  places  ;  i-mu^  to 
put,     boi^'klij     pretty 
good ;  see  introductory 
notes. 

to  arrive 

ra'-tski 

'  Of  the  various  forms  of 

arrow 

ka'-but 

arrows  in  use,  each  has 
^     also  a  specific  name. 

ashes 

mu-nu'-f  chi-ka 

Chi-ka,  material. 

to  ask 

i-cha'-ka 

From  i-c?iu,  to  say? 

aunt 

mi'-j  ala 

Mi,  mother;  la,  diminu- 
tive. 

awake 

tse'-ka 

See  alive. 

to  awake 

!-shke'-na 

1 

Shke,  straight 

Lmi'-a^  to  go;    bakije'- 

away 

I-mi'-t-bak 

bak)  already;  already 
.     gone. 

axe 

o 

Also  shoulder-blade. 

back 

small  of  back 

backwards 

bad 


bag 

bald 

banana 

bare 

bark 

basket 

bat 

to  bathe 

to  be 

beach 

bead 

beak  of  bird 


shung'-fwo 

ju'-f-wo 

tsink'-a 
f  su-ru'-i 
I  su-ru'-na 

tsku' 

chu-i' 

chi-mu' 

sum'-e 

kar-j-kwo'-lit 

ghku 

da-kur' 

a-kwok' 

et-so'-si 

tsong'-fkin 

bi'-f  wo 
du'4-ka 


Used   to  express 

proval. 
A  native  net  bag. 


disap- 


Seo  naked. 

Kar^  tree;  i-kwo'-lit,  skin. 


In  a  place  ;  also  to  hare, 

Tsong,  sand  ;  kin,  region. 

1  lh\  (?)  corrupted  from  En- 

i      glish  bead ;  wo,  round. 

DUf  bird;  ka,  tooth. 
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bean 
to  bear 

beard 


beast 


to  beat 

bed 

bee 

before 
behind 


beveled 


bird 
to  bite 
bitter 


a'-tu-fwo 
(  su'-na 
\  pa'-na 

ka'-lak 


rdu 
bi 
^  bi'-wak 


r  I-pu' 

i  I-bu-ra'-f  ung 
a-koiTg' 

f  bur 

i  bur'-fwak 
keng'+we 
diu'-f  shent 


be-ta'+ka 


belly 

nya'-f-we 

below 

is'-fkin 

belt 

ki-pam'-fwo 

bench 

kru-wa' 

'  I-wo-f  8hki'-|-ung 

to  bend 

i-chung'-f-wa 

J-ko-kut'+wa 

bent 

ko-kutk' 

better 

boi'+na 

between 

8hu-|-shong' 

sho-utk' 


da 

I-kwe'-wa. 

bl-chow-bl-choi' 


To  bear  young  (human). 
To  bear  young  (inferior 
animals). 

Bi\  the  devil,  or  anything 
mysterious;  wak,  tribe. 
There  is  no  word  exact- 
ly equivalent  to  ours 
for  "beast."  Each  ani- 
mal (as  well  as  plant), 
has  it  specific  name, 
and  du,  properly  be- 
longing to  birds,  is  usu- 
ally applied  if  the 
species  is  unknown  ;  bi- 
wak  is  only  used  in  a 
collective  sense. 

To  strike,  to  whip. 

To  beat,  as  on  a  drum. 


Wak,  tribe. 
We,  where. 

Behind  in  the  abstract ; 
see  t?i  front. 

{At    the  tail    of   a  line ; 
immediately     behind  ; 
b(^-ta',  a  point. 
Nya,  Rcedvng;  /r^, where. 
/«,  down;  kin,  region. 
Ki'pam,  from  ki-juir,  waist. 

Into  a  ring;  fthki,  a  circle. 
To  bend  at  an  angle  with- 
out breaking. 
To  bend  into  a  curve. 

Boij  good. 
See  middle, 

'  Equally  applied  to  a  pris- 
matic solid,  or  to  the 
cuttiug  ofl*  the  comer  of 
a  surface  ;  see  sloping. 
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black 

do-ro-roi' 

Also  very  dark  blue. 

blade 

i-wa' 

blind 

wo-ju-fbe'-ie 

blood 

pe 

woi-ku' 

With  the  mouth ;  ku  the 

to  blow 

, 

tongue. 

be-tsir'-ke 

Si-irai^  he-Uir'-ke^  "the 
wind  blows.*' 

blue 

f  si-ai' 

Last  syllable  prolonged. 

i  do-ro-roi' 

(Black)  very  dark  blue. 

r  ke+a-ka'+ta 

Ke^  not ;  a^ka'^  tooth;  not 

blunt 

- 

edged. 

.  ke+bc-ta'-l-ta 

Ke,  not ;  be-ia'^  point ; 
not  pointed. 

body 

wak          ^ 

Also  trxhe^  race,  people. 

bog 

doch'-ka 

See  mud. 

boU 

squek 

A  furuncle. 

to  boil 

I-tu+wo' 

bone 

di-cha' 

bones 

di-che' 

For  notes  on  this  plural, 
see  introduction. 

border 

iu-ku' 

both 

et-fet 

Et,  one. 

bottle 

ko-ku' 

See  calabash* 

bow 

shkiim-me' 

boy 

kiVbe' 

branch  of  tree 

kar'-fu-la 

Kar,  tree  ;  u-la  (w-ra) 
arm. 

brave 

we '-bra 

bread 

i-nya' 

See  cake. 

to  break 

r  I-pa-na'-na 
I  bii-tsa'-na 

Hard  things, 

A  string ;  Ua,  a  string. 

breast 

be-tsi' 

breast  of  woman 

tsu'-fwo 

Also  teats  of  lower  ani- 
mals. 

breath 

si-wailg 

Wind. 

breech-cloth 

ki-par'-|-wo 

bright 

du-ru'-ru-i 

to  bring 

I-tsunk' 

See  to  carry. 

broad 

sho 

broom 

wush'-f  km 

brother 

yil 

Always  preceded  by  a  pro- 
per name  or  a  pronoun. 

brother-in-law 

ar'-u-wa 
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bug 


buDdle 

to  burn 

to  bury 

bush 

*' bush  dog" 

butt 

butterfly 

to  buy 

cacao 

cake 


dli 

I-nyor'-ka 

I-bru' 

kar-j-tsi'-la-la 

ro'-buk 

nyuk 

kwa 

tu-«ng'-ke 

si-ru' 

i-nya' 


f  There  is  no  generic  word. 
Every  prominent 
species  has  its  name, 
usually  consisting  of  an 
adjective,  combined 
with  toaky  tribe. 


Kar,  tree ;  tsi-la-la,  little. 
Oalictu  barbata. 
See  rump. 


Also  chocolate. 


Applied    to  entire   cala- 

bashes   with    a   small 

,  ko-ku' 

opening,  for  water  bot- 

calabash 

tles. 

I  kyong 

Cut  in  half  for  cups. 

calf  of  leg 

klu-fnya'-f-we 

KlUf  leg ;  nya'-we,  belly. 

to  call 

i-kiu' 

To  summon,  to  name. 

to  call  out 

i-ya'-na-tsu 

The  accented  a  like  a  in 
far. 

.kar 

^  u-ka'4-kur 
i  u-pa'4-kur 

A  walking  cane,  or  stick. 

cane 

River  cane. 

Sugar  cane ;  see  sugar. 

caoutchouc 

si-ni'-l-chi-ka 
f  e'-no-o'-no 

Chi'kay  material. 

care  (take) 

i'  me-f  haw'-na-mi 

J/i?,  yourself;  see  fut- 
ure tense  to  fall. 

cataract 

jol 

Also  a  spring. 

to  catch 

i-kruii^ 

centipede 

ko 

0  very  long. 

chaff 

i-ku' 

to  chase 

i-tu'-f-tiung 

to  cheat 

wo'-ju 

cheek 

onk 

chicha 

bo-ro' 

A  light  beer  made  from 
maize. 

chief 

bo-ru' 

child 

laMa 

(T«V)  la  la,  little. 

chin 

a-ka'-ftu 

A-ka',  teeth. 

chocolate 

si-ru' 

to  chop 

i-tu' 

Also  to  shoot. 
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r  me-ne'-ne 

clean 

]ji'-ji 

V  i-shung-f-boi 

rl-pa'+skwo 

to  clean 

• 

Utxx'+skwo 

clearing 

te' 

close 

f  tsi'-net 
\  ku-ku'-ni 

to  close 

1-wo-f-tu' 

cloth 

f  di-tsi' 
\  8»-wi' 

clothing 

sa-wi' 

rmo 

cloud 

1 

(shi 

club 

kir'-u     ' 

coal 

bo'-wo+ka 

cold 


rse 


^  so-sei^' 


comb 

kash 

to  comb 

kash'+kru 

( i'-na 

to  come 

U-shku' 

to  complete 

o-ro'-ua 

com  pressed 

su-tat'-l-ke 

to  consider 

bo-ket-se'-ke 

constricted 
contracted 

1  su-litk' 

to  converse 

la'-ri-ke 

to  cook 

Mu' 

tsi 


i-kwo' 


Also  smooth. 
Lshungj  inside;  boi,  good. 
/  skiDo,  to  wash  ;  the  out- 
side of  anything. 
The  inside  of  a  vessel. 
A  cleared  space  in  a  forest. 

I  Near. 

Made  from  bark. 

Made  from  cotton. 

Cotton. 

The  generic  word  for  all 
clouds. 

A  very  dark  rain  cloud. 

A  long  stick  for  fighting. 

Bo'-wOf  fire. 
rOnly  applied  to  the  at- 
-<      mosphere,  as  korig-{-8e'y 
y     a  cold  day. 

Used  in  all  other  connec- 
tions. 

KrUy  to  scrape. 
(Imperative)      "come 

here," 
To  walk. 

Sa^tat',  flat. 

r  Applied  to  a  constriction 
<  between  two  larger 
I     parts. 

f  Only  used  in  the  sense  of 
■j  a,  present  participle, 
^     conversing. 

Nasua.  There  are  specific 
names  for  the  two  spe- 
cies, formed  by  ad- 
ding adjectives.  There 
seems  to  be  no  name 
for  P,  lotoTy  which  is 
very  rare, 

3Iaize. 


corpse 

cotton 

to  cough  (v) 

cough  (8) 
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country 


to  cover 


coward 

crab 

crazy 

crooked 
cup 

to  cut 

cylindi-ical 
damp 
to  dance 

dark 


ar-ma 

fca-wi'-fjuk 

to 


f  koiig 

^  kong-rska 


pa4  be-ku' 
J-Shku-fpa+be-ku' 

su-wa-l-na 

ju-wi' 

i-li'-na 


ki-tunk' 
kyoilg 

f  I-nyu' 

"l  t-tu' 
a-ra-bo'+wa 
mong'-mok 
klu'-f-ptu 

teet-tsei' 
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Can    this    be    Spanish, 

alniUf  soul? 
Jukf  material. 
The  resemblance  to  the 

iSp.  tosy  a  cough,  is  prob- 
ably only  a  coincidence. 
'  Koriy  is  used  in  innumer- 
able compounds.  Not 
only  is  it  used  in  the 
same  manner  in  all  the 
allied  dialects,  but  in 
Brunka,  it  occurs  as 
kakf  the  sun.  Nearly 
all  words  relating  to 
country,  air,  day,  at- 
mosphere, sky,  earth, 
in  short,  the  general 
physical  surroundings, 
contain  it  as  an  inte- 
gral part,  Kortg-\-ska  is 
the  country  inhabited 
by  any  people. 

Cousins  are  called 
"brother"  and  ** sis- 
ter," even  if  several 
degrees  removed. 

Pa,  skin,  covering,  sur- 
face ;  t-be-kUj  see  to 
pack  ;  to  cover  a  solid 
object. 

To  cover  a  vessel  to  shut 
a  book. 

See  afraid. 

Ye  li'-na-ka,  "  he  is 
crazed." 

See  calabash. 
Without  chopping. 
With  chopping. 


Klu,  the  foot ;  ptu,  the 
sole. 

Also  any  dark  color,  es- 
pecially dark  brown. 
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darkness 

daughter 
daughter-in-law 

day 


koiig-f  tu-i'-na 

je-fla+ra'-kur 

jak'-fe-ra 

nyi'-fwe 

koi% 


J  **Tho  day  darkens" 
I  (either  from  clouds  or 
I     towards  night). 

I/tf,  my,    la  {la-la)    son  ; 
e-ra'-kury  woman.   For 
note  onjey  see  son. 
See  father-in-law.     e-raf 

{e-ra'-kur.) 
Contradistinguished  from 
night. 
r  Used  in  all  other  conneo- 
I      tions;  as  kong  se^  a  cold 
^     day. 


to-day 

in'-ya 

to-morrow 

bu-le' 

day  after    to-mor- 

bui'+ki 

This    kt\    is    apparently 

row 

'*more." 

3d  day  future 

m-nyar'-j-ki 

M-nyaty  three. 

4th    "        ** 

keng'-fki 

Keil,  four. 

5th    "        " 

skang'  +  ki 

Skang,  live. 

6th    **        " 

terM-fki 

Terly  six. 

7th    **        " 

ku'-gi-fki 

Ku'-glj  seven. 

8th    ** 

pai'-fki 

Pa'gl,  eight. 

9th    **        " 

koii?^-fsu-ni'-to 

Su-ni'-to,  nine. 

10th    "        ** 

koilft-j-d-bob' 

D'bob,  ten. 

11th    "        " 

kong-fd-bob-fki-fet' 

See  eleven. 

yesterday 

chi-fki' 

day  before  yester- 

bo'+kli 

Bo  (but),  two. 

day 

3d  day  past 

m-nyon'-fli 

4th   *•      ** 

ka'-fri 

5th   "      '* 

skan'-fi 

dead 

i-da-wo'-fwa 

See  to  die. 

debt 

mu'+i 

See  money. 

ri-shu+tyiig' 

I'Shnng^     inside ;     (yii^, 
large ;  large  inside. 

(di)+tyilg' 

Deep  water. 

deep 

r  Applied  to  a  deep  vessel, 

wo+ku-chutk' 

-j      w  hen  the  m  ou th  i  s  con- 

.  wo-fbli 


deer 


f  su-ri' 
*.  su-riH 


-fma-ru' 


V     tracted. 

The  same,  with  the  mouth 
not  contracted. 

Large  species. 
Small    species ;    ma-ru', 
reddish. 
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to  depart 

mi+cho' 

Also   perfect,  indie,   of 

# 

verb,  i-mia  to  go. 

to  descend 

I-u'+mi 

i-w,  to  put  in  ;  i-mi'-Oy  to 
go. 

devil 

bl 

Also  ghost,  or  evil  spirit. 

dew 

mo'-|-wo-li 

Moy  cloud ;  wo'-lij  drop. 

to  die 

i-da-wo' 

different 

hau-'ri 

direction 

wei% 

See  where. 

dirt 

ka'-mu-ni 

disordered 

cho-l-riMi-e 

to  dissolve 

di-fa'-na 

Diy  water. 

district 

kin 

See  region. 

.koi% 

See  country. 

to  disturb 

ting'-we 

to  dive 

tsant'-kuk 

doctor 

a-wa' 

r  o-ro'-ni 

Applied  to  a  completed 

done 

business. 

i  e'-na 

*«Thereisnomore." 

door 

hu'-fSUku 

i7u,  house. 

double 

bit-fung'+wa 

Bit  (but)  two;  ung,  to 
make. 

to  double    ' 

i-wo+puiig' 

down                         \ 

r  is 

In  compounds. 

is'+kin 

Kin^  region  (used  alone). 

to  drag 

I-ku'+mi 

Mi  (mi' -a)  to  go. 

draj5on-fly 

ki-bi'-a 

to  dream 

kab'-fsueng 

Ka-puk'j  to  sleep;  stteng, 
to  see. 

to  drink 

t-juk' 

to  drive 

I-be+ku' 

Iku,  see  to  drag. 

drop 

wo'-li 

drum 

se-bik' 

rsi 

Like  wood,  fit  for  burning. 

si'-na 

By  evaporation,  like 
clothes  after  washing. 

po-poi' 

"Wiped  dry. 

dry 

'  In  a  less  degree  than  the 
other  words  ;  but  more 
or  less  applicable  in  all 
cases  (partially  dry  i,e. 

.  mong'-mok 

damp).    The  above  are 
the  common  usages  but 
are  not   absolute,  the 
various    words    being 
sometimes  used  inter- 
^     changeably. 
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nya 


koii^+mo-li 


eagle 

sar'-f-pun^, 

ear 

early 

earth 

ku-ku' 

bu-la'-mi 

i'-juk 

earthquake 

i 

to  eat 

I-ku-tu' 

echo 
eddy 
edge 

i-o-ro'-te-nu 

ir-a-me' 

iu-ku' 

Gabb. 

See  cake. 
'  KoiiQy  see  note  to  country; 
mo,  cloud  ;  li  is  used  in 
two  or  three  connec- 
tions with  objects  in, 
or  derived  from  the  at- 
mosphere, like  dew, 
rain,  &c. 

8ar,  red  monkey  ;  puiQ, 
hawk. 

U,  like  the  German  u, 

Bu-le'j  to-morrow? 

(Soil).  Not  %-juk',  to 
drink. 

Ensrlish  e. 

This  word  is  never  used 
in  the  sense  of  eating  a 
meal ;  then  je-ku'y  to 
feed,  is  always  used. 


'  Duy  bird.      In  place  of 

"bird,"     the     specific 

egg 

du'-fra 

name  of  the  animal  is 
genei-ally  given  ;tlius:  to- 

-• 

.     rok'-^ra,  alligator  egg. 

elastic 

r  ki-tsung'-ki-tsung 

Like  rubber. 

\/AC««7vA^ 

I  kras'-ki*as 

Like  a  switch. 

elbow 

f  u-ra-j-ku-ching'-j-wo 

*'  Knee  of  the  arm.*' 

t  u-ra-f-knyi'-fnyuk 

"  Heel  of  the  arm." 

f  wu'-ji-ka 

See  naked. 

empty 

i  wa-ke'-ta 
f  t-wu'-ji-ka 

to  empty 

T-wa-ke'-ta 

I-tu-f-tsuug 

To  pour  out. 

end 

be-ta' 

Point. 

ended 

f  e'-na 
I  o-ro'-ni 

"It  is  all  gone.*' 

Applied  to  affairs. 

enough 

wed 

enemy 

bo'-ruk 

to  envelop 

I-be-ku'-wa 

^qual 
equally 

1     nyi'-ke-pi 

Nyij  together ;  he'-ke  pi 
alike. 

equivalent 

ske 

erect 

shke'-ka 

Perpendicular:  see 

straight. 
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nyi-fghke 

Kyiy  together;  Hike,  level; 
in  a  straight  line. 

tski-tski'-a 

Even  in  a  pile. 

even 

'  Both  of  these  words  mean 

d-ra-d-dai'                       ^ 
nyi'+es                            j 

equal  on  the  edges  in  a 
pile,   like  bricks  in  a 
wall,  or  the  cut  leaves 
of  a  "book. 

eveDing 

tson'-ni 

Also  late. 

to  exchange 

mne'-we 

to  expect 

ka'-ble 

to  extinguish 
eye 

f-wo-ftu' 
wo '-bra 

Also  to  shut. 

every 
face 

f  o-ri-ten-e' 
wo 

Bee  all. 
See  round. 

to  faint 

Bi-wai%-l-e'-na 

Si-tPUffify  wind ;  e'-ha^  to 
finish. 

to  fall 

T-haw'-na 

family 

di-jam' 

f^r 

ka-rai'-mi 

fast 

1  bet'-ku 

Rapid. 

I  de  re'-re 

Secure,  hard. 

ki-u' 

Fat,  grease  or  oil  of  any 

fat 

yol'-ta 

kind. 
A  fat  animal. 

chi'-ka-|-tyi% 

Fat  person  ;  see  stout. 
'  Always  used  with  a  per- 
sonal pronoun  or  the 
name  of   the    person ; 

father 

ji 

jeji,  my  father ;  or  with 
an  exclamation,  ah  ji^ 
oh  father. 

feast 


feather 


father-in-law 

jak 

to  fear 

su-wa'-na 

fear 

su-wa'-na 

ea-fbu-ra'+ung 


du'-j-kwo 


Say  we .  To  feast,  to  dance 
and  to  beat  drums  are 
ideas  so  intimately 
united  in  the  minds  of 
these  people,  that  the 
same  word  is  generally 
used  indiscriminately 
for  all  three. 

Duy  bird  ;  kieo,  see  scale, 
skin,  nail,  &c. 
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to  feed 

jc-ku' 

See  to  eat  find  food. 

female 

la'-ki 

La  =  ra  in  e-ra'-kur^  wo- 
man. 

fever 

tak 

Spleen. 

few 

i  et'-f  ket 
\  wa-wa'-ni 

Et,  one. 
Also  less. 

fierce 

bu-kwe'-wa              \ 

to  fight 

nyi'4-pu 

Nyi^  together;  »-pw,    to 
•    strike. 

to  fill 

i-u' 

Also  to  put  in. 

to  find 

I-kwon'-ju 

fine 

wis-wis'-i 

Like  either  a  thread,   or 

finger 
to  finish 

u-ra'-|-eka 
\  fe'-na 

powder. 
U-ra^  arm. 
Bee  ended. 

finished 

J  \o-ro'-ni 

fire 

bo'-wo 

fire-fly 

(  ku'wo 
Ika-tu 

Specific.   The  small  flies. 
The  large  phosphorescent 

elater. 

fire-wood 

bo'-wo+tak 

Bo'woy  fire  ;  tak,  a  piece. 
This  is  at  the  same  time 

fi8h 

ni-ma' 

generic,  and  is  the  spe- 
cific name  of  the  best 
food  lish  in  the  country; 
theotht  r  1 5  or  16  species 
bearing  other  names. 

fish-scale 

ni-ma'4-kwo 

Kicoj  see  skin,  nail,  «Scc. 

fish-scale 

ni-ma'4-kwo 

Kicoj  see  skin,  nail,  «Scc. 

flash 
flat 

wo'-nyn 
f  su-tat' 
Uhke 

Like  a  board,  table,  &o. 
Like  a  floor,  a  tract  of 

flea 

ki 

country. 

DUy  animal ;  chi-ku',  ma- 
terial; often  both  words 

/  du'-f  ni 
}  chi-ka' 
i  du-f-ra'-fchi-ka 

} 

are  combined, and  more 

flesh 

often  i\m  name  of  the 
animal  is  used  with  chi- 
^v/,   thus   raca    chika^ 

beef. 

floor 
flower 

fluid 

hu-fshiung 

ma'-ma 
f  di-f  sc-re'-re 
I  a-bas'-a-bas 

IIu,  house. 
See  plaything. 
Watery. 
Like  thin  mud. 

fly 

si-chu' 

to  fly 
fog 

i-un'-fe-mi 
mo 

Lmi'-a^  to  go. 
See  cloud. 
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to  fold 

I-wo-fpuiig' 

See  to  double. 

folded 

chuno'-wa 

to  follow 

I-ju'-fki 

food 

je-kuk' 

foot 

klu 

force 

ke'-sin-kwa 

to  forget 

hen-j-T-cho' 

See  introductory  notes. 

forehead 

W0'-|-t80I% 

foreigner 

si'-gua 

/  koilg'+juk 

Korfg,  see  country  ;  juk, 

forest 

1  koiig+yi'-ka 

material. 

fragile 

to'-to 

See  tender f  toeak. 

free 

ha'.sl 

fresh 

paiife-ri 

friend 

ja'-mi 

Bee  family. 

to  frighten 

su-wa'+ung 

Sv-wa-fMy  afraid;  ung,  af- 
fix, to  make. 

frog 

ko-ru' 

tree-frog 

wem 

front 

ai-u'-shent 

In  front,  see  behind. 

froth 

i-shu-ji' 

fruit 

kar-fwo 
f  chik-U 

Kar,  tree  ;  wo,  round,  a 
lump. 

full 

This    is     probably     not 

U-e'-na 

the  Spanish  lletuXf  but 
e'-na,  ended  ;i.e,,  "  no 
more  can  be  put  in.'' 

gall 

ghke 

genitals 

fko 

{  ma-lck' 

Female. 

Male,  human ;  see  penis. 

to  get 

I-krui'ig 

ghost 

/  hi 

I  wig'-bru 

See  devil 

gift 

ti-c' 

girdle 

ki-pam'-f-wo 

See  belt. 

girl 

f  ta'-ji-ra 

Before  puberty. 

^  u-la-bu'-si 

After  puberty. 

''*Give  me,"  i-mu'-nya ; 

**givc  him,"  %-mu'-ye^ 

or  i-rnu-ye-ta.      This  is 

the     same     wortl     as 

to  give 

I-mu' 

i-muk,  to  put.  To  give 
anytbiiig  to  a  person  is 
consequently  to  put  it 
with  him,  I-wt/,  to  put, 
,     yet  he,  to,  with. 
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glad 

iSh-tsin'-e 

to  go 

f  I-mi'-a 
Uju 

Ood 
good 

•l-bu' 
boi 

to  grab 
grandfather 
grandmother 
to  grasp 

I-krui>g 
re-wu'-fje-ke 
nu-wi'+jo-ke 
Ikruilg 

grass 

koilg'-fchi-k» 

grasshopper 

di'-tsik 

gravel 

tsoiig'-f-wo 

grease 

ki-u' 

green 

tse-bat'-tsS-ba 

grief 

hed-i-a'na 

to  grind 

!-woh' 

de-tyiig'-f  eh 

to  grow 

I- tar-fan '-0 

I-tar-f  ar'-ko 

guatuso 

shu-ri' 

gun 

mok'-kur 

hair 

r  konsh'-ko 

I  ko-f  juk 

half 

shong'-fbuts 

hammock 

kt-pu' 

hand 

u-ra'-f§hkwe 

handle 

kut+a' 

ki-chat'+ku 

to  hang 

I-mo+wo'+ka 

'For  notes  on  this  word 
see  introduction,  and 
especially  the  conju- 
gation. 

Also  clean,  pretty.  Em- 
phatic hoi' 'hi, 

Je-ke;  see  old. 


Chi-ka,  material,  is  here 
used  contrary  to  the 
sense  explained,  (see 
material)  because  korig 
-\-juk,  having  the  same 
etymological  meaning, 
is  applied  to  forest. 

Tsorfgy  sand. 
See  fat. 
See  wet. 
See  aadf  sorry, 


A  plant. 
I     A  person  or  animal. 
Dasyprocta  cristata. 

Of  the  head. 
Of  the  botly  ;  juk,  mate- 
rial.    See  leaf, 
Shong,     see    middle^    be- 

tireen;  but,  two. 
See  to  sleep. 

See  finger;  also  introduc- 
tory notes. 
r Sister;  tube  kuta,  knife 
-J      handle ;    the  sister  of 
i     the  blade  ! 
By  tying,   like    a   ham- 
mock; ki-cha'y  a  string. 
f  By  simply  hooking  up, 
"j     without  tying;  although 
^    i-xco'-mo  is  a  knot. 
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hard 


de-re'-re 


r  This  word  has  as  many 
significatioDS  as  its 
equivalent  in  English. 
It  applies  to  substance, 
strength,  rapidity,  and 
difficulty. 


to  have 

et-so' 

See  to  be. 

hawk 

puiife 

he 

ye 

A\so8?ie, 

head 

wo'-ki 

to  heal 

boir'+ke 

Boi,  good. 

heap 

i-ra-pa' 

to  hear 

ifth-tsu' 

heart 

uie'4-wo 

heat 

ba 

to  heat 

I-ba'4-ung 

Ungj  affix,  to  make. 

heavy 

nyets 

Usually  used  with  verj/: 
orU'\- nyets. 

heel 

klu-|-knyi'-|-nyuk 

KlUy  foot;  nyuky  butt. 

( i'-nya 

In  this  place. 

In    this   direction ;    see 

tfiere. 

to  help 

chu-ki'-a-mu 

high 

koilg-fShke' 

SJike^  i)erpendicular. 

Bc-ta^  a  point ;  the  point 
1      of  the  country  ;  also  a 
(     mountain. 

'  koi%'-|-b6-ta 

hill 

Applied    to    all  hills  or 

^  u'jum 

peaks  not  covered  with 
forest. 

hilt 

kut-fa' 

See  handle. 

hip  bone 

te'+wo 

hip  joint 

di-che'+wo 

Di-ehe,  bones. 

to  hold 

I  kruiig 

hole 

hollow                       J 

.  i-wo'-f  an 

Any  hole,  whether  a  per- 
foration or  a  cavity. 

honey 

bur'-fdi-o 

BvTf  bee  ;  di-o'y  juice. 

hook 

bi-ko-ru' 

horizontal 

ki-pak' 

See  to  sleepy  and  intoduc- 
tory  notes. 
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hot 


ba 
ba'-ba 


ba-fshki-ri'-ri 


pa+li'-na 


But  oue  syllable  is  uped 
when  in  combination 
wiih  anoiher  word,  as 
koiTy  ha,  hot  day  ;  when 
used  alone  the  syllable 
is  repeated. 

Sliki-ri-riy  {tski-ri'-ri)  yel- 
k  w  ;  this  is  used  in  ex- 
aggeration, "yellow 
hot,*' as  wo  say  "red 
hot,"  and  is  often  ap- 
plied to  the  weather, 
food,  &c. 

{Bd-^-i'li'-na)  "boiling 
hot,'*  similarly  used 
when  one  is  perspiring 
freely. 


house 

hu 

how 

im'-a 

to  hum 

i-boi-fa-ru' 

Bor,  (bur)  bee? 

humming-bird 

be-tsung' 

hungry 

de-wo-be-li'-na 

1 

i-je-bu'-rik 

To  hunt  game. 

to  hunt                     \ 

i-ju+lu' 

JUf    auxiliary ;    to  hunt 
anything  lost. 

husband 

je-l-wim' 

♦/(?,  my.     See  note  to  son. 

hush 

su-wailg+bru'-wo 
■je 

St'i-ic<ing,  wind. 

I 

ii»/    i*A 

'lie  is  a  sort  of  emphasis, 
added  occasionally  to  all 

.JO -re 

the  personal  pronouns 
except  ^tf-i>a. 

if 

mi-ka-re' 

bru 

Bruji\    "I  do  not  know 
who." 

to  ignore 

'  Used  only  alone,  as  a  re- 
ply, while  t/'M  takes  it« 

eh'ke 

place  in  a  sentence,  as 
above. 

iguana 

bwah 

immediately 

or'-[-a-pa 
«ir'-f  a-pa 

In  the  past.. 
In  the  future. 

m 
inclined 


i-shui'ig' 
o-utk' 


See  sloping,  beveled. 
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inside 


instead 

instep 

to  interpret 

intestines 

iron 

it 
jar 
jaw 
to  jerk 
jigger 

to  join 

joint 


juice 

to  keep 
kidney 
to  kill 

kind 

knee 

knife 

to  knock 
knot 

to  know 

lame 

language 


{wesh'-l-kin 
hu'-fshuiig 
i-shuiig 


Bke' 

klu+tsing' 
ju-ste'+chu 
nya'+ke-bi 

ta-be' 

6-lii' 

ung 

ka'-|-ju-a 

I-kunt'-sa 

ki'-l-la 

nyi'-fwo-ju 

ki-cha'-|-wo 


di-o' 

I-bru' 

hak 

r-da-wo'-wa 
J  boi'-fsen 
i  wak 

ku-chi'-j-wo 
( ta-be' 
1  ta-be'-f  la 

( I-pa'-j-pu 
'  T-bu-ra'-f  ung 
I-wo'-j-mo 

uph-cUen' 

mu'-ya 

u-Shtu' 


These  two  words  are  ap- 
plied to  the  inside  of  a 
house ;  while  i-shui^ 
is  restricted  to  the  in- 
side of  a  vessel,  the  in- 
terior of  the  body,  of  a 
hollow  tree,  a  box  or 
any  other  comparative- 
ly small  space. 


I-ehVy  to  say. 

JV^flf,  dung ;  see  belly;  ke- 

bi,  snake. 
Also  knife;    anything 

made  of  iron ;  see  pot. 


A  kaj  tooth. 

Nigua ;  Pulex penetrans; 

ki,  ilea ;  la  diminutive. 
Nyff    together;     see    to 

make^  to  sew, 
Ki-ehOy  a  tendon,  a  string; 

Tf<?,  a  lump. 
'  Any  Huid  expressed,  like 

whey  from  curd ;  milk 

from  the  breast,  honey, 

&c. 


See  to  die. 

Boiy  good ;  in  disposition. 

Class :  see  tribe. 

See  iron. 

La,  diminutive  ;  a  small 

knife. 
I-pu,  to  strike. 
See  to  beat,  feasts  to  dance. 
Wo,  round;  mo  {l-mao') 

to  tie. 
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large 


leaf 


to  let 


ki-bi' 


tyi% 


bru'-bru 


tyiig'-fbru 


last 

be-te-fka 

late 

tson'-ui 

to  laugh 

ma-nyu' 

lazy 

je-ke'-i-a 

to  lead 

u-ra'-j-yu+mi 

Slg 


kar'-fko-juk 


Lkar'-ku 

to  leave 

I-hu'+imt 

left  hand 

u-ra-fbii-kuick 

leg 

klu'+kC'-cha 

to  lend 

dr?-pe'-te-ju 

less 

wa-wa'-ni 

on '-si 


to  lick 

I-ku'4-juk 

to  lie 

kon'-shu 

to  lie  down 

I-tu+is' 

Simply  large.  When  ajv 
plied  to  a  streaui  (di-\- 
k'i-bi',)  it  means  river , 
"large  water." 

{The    commonest    form ; 
when  applied  to  water 
it  means  deep. 
{Oftenest  applied  to  ani- 
mals and  to  domestic 
utensils. 
/  Very    large ;    more  em- 
-j      phatic   than    the  pi*e- 
t     ceding  forms. 
Bv-ta^  point. 
See  ecening. 


U'TGy  arm ;  mi  {i-nd'-a) 
to  go. 

Of  a  plantain,  or  other 
large  leaf  used  for 
wrapper,  or  for  a  re- 
ceptacle for  food,  icQ, 
The  Mosq'iito  word 
sic,  from  the  same  root, 
means  a  banana. 

Of  a  tree,  in  a  collective 
sense  ;  kar  tree ;  ko'- 
juk  see  Iiair.  The  idea 
is  the  same  and  the 
distinction  is  made  by 
kar,  the  name  of  a  per- 
son, a  pronoun,  &c. 

Kuy  tonj;ue;  a  single  leaf. 

////,  house. 

U-ra,  baud,  (arm). 


Really  feir;  there  is  no 
other  word. 

{Imperative;   on'-sitno-iii, 
tao-si  {et-f^o-si)  to  be  ; 
**let  it  alone.'' 
See  to  suck, 

I'tUy  to  throw ;  is,  down. 


Oabb] 
to  lift 

light 

lightning 

lips 

to  listen 

little 
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to  loose 


to  lose 


T-ku'-kn 
(  sii-ru'-ru-i 

I  hi 

I  ho  bo'-bra 
iv-ra+wo'-nyn 

ku'-kwo 

ish-tsu' 
f  tsi'-la-la 
la'-la 

la 


'  wa-wa-ni 

a  little 

wi-ri-wi'-ri 
wi-di-wi'-di 

bi-ri-bi'-ri 

liver 

hOn 

long 

bi-tsing' 

to  look 

i-siiung' 

to  look  for 

lu 

ip-tsu' 


I-cho' 


lost 

/  cho'-fwa 

t  cho-|-rai' 

louse 

kui% 

lump 

wo 

macaw 

i  pa 

^  kii-kong' 

maggot 

liu'-|-nya 

maizo 

i-kwo' 

to  make 

I-ju-fwo' 

male 

we'-nyi 

man 

we'-wi 

[Aug.  20, 


(White),  light  colored. 
/  Koit7/-\-lUy  daylight;  bar 
■j-lu     {boito-{-lu)    fire 
I     light. 
Light  in  weight. 
A-rdj  thunder;    wo-nyn, 

tlasb. 
Ku',  tongue ;  kwo (i-^ico- 
lit)  skin. 


Applied  to  a  child. 
f  Diminutive  ;  used    with 
various  nouns ;  (ft-j-la, 
I     rivulet. 


Local  pronunciations. 


Always  used  with  the 
auxiliary  JM  ;  ju-\-lu. 

See  to  untie. 

This  is  rather  a  verbal 
root  than  an  indopcu- 
dont  word ;  see  to  re- 
member and  forget.  In 
other  casesit  carries  the 
terminations  ijta,  and 
rai;  see  ncjtes  on  the 
conjugations. 


See  round. 
Grcon  si»ecie8. 
Red  species. 


Ju,   auxiliary ;   «;<?,  com- 
plete. 
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many 
how  many, 

so  many 
marsh 


material 


tsr^i 

j  bit 

Uil 
iSh'-ke 
doch'-ka 


juk 


chi-ka' 


See  muc'^. 

Impersonal. 

Personal. 

See  mud,  hog, 
'Any  fibrous,  or  not 
compact  material;  ns 
cotton,  9<i-iti'-\-juk ; 
leaves  of  a  tree,  or 
hair  of  the  head  ko-\- 
juk. 

Any  homogeneous  sub- 
stance; as  9i-ru'-\-chi- 
ka,  cake  chocolate ; 
8u-ni'-{-ehi'ka,  deer 
meat;  si-ni^-^-cJu'-ka^ 
caoutchouc.  Only  one 
exception  to  this  rule 
exists,  see  note  to 
grass. 


meadow 

sok 

measure 

ya-ma-un'-ya 

meat 

da'+ra                               \  g^^  ^^^  ^^ 
.  chi-ka'                                 ) 

medicine 

kii-pu'-li 

Applied  derivatively  to 
money.     I  have  heard 

metal 

nu'-kur 

quicksilver  called  nw- 
kur'-\-dio,**  metal 
juice. 

midday 

di'-fbC^-ta 

Di-wo,  sun ;  be-ta,  point, 

summit. 
Shu  is  used  in  nearly  all 

words  where  the  width 

is  a  component  idea ; 

see  xcide^    narroiCy    he- 

middle 

shu-j-shong' 

tween,    inside;    shong, 
see  half^    between.     In 
a  combination,    shoiTtj 
only  is  used  ;  thus  nyo- 
ro' -\-sliong^  the  middle 
of  the  road. 

midnight 

koilg-fshong'-fbuts 

KoiTg,  see  day  ;  shong'-\- 
buts,  half. 

milk 

tsu'-l-di-o 

TsUf  breast ;  di-o,  juice. 

Gttbb.] 

mine 

mistake 

mole 
mouey 

monkey 

month 

moon 
moi*e 

morning 
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je'-fcba 
lion-fcho'4-wa 

skwe, 

uu'-kur 
/  Bar 
J  wib 
I  hyuk 


si'-f-wo 
,ki 
\  ku 

bu-la'-mi 


en-i-ai' 


[A.ugf.  20, 

Jft  1 ;  cJta,  sign  of  posses- 

Rion. 
See  to  forget,  remember , 

think. 
AIko  rat,  mouse,  &c. 
Soe  juetal, 
AteU$. 

Jlyceten  palluitus. 
Cebun  hypoleudut, 
8i-iro,  moon.  In  counting, 

8i-\-et  one  month,  &c. 


See  early  ;  bu-U',  to-mor- 
row. 

/  **  This  moining,"  already 
past;  see  to-day ,  htrty 

V     now. 


mosquito 

shku-ri' 

mother 

je-f-mi' 

Je^  my  ;  see  note  to  son. 

mother-:n-law 

wa'-na 

mountain 

koilfe'-f-be-ta 

See  hill. 

mouse 

skwe 

Also  mole^  rat. 

mouth 

ku 

Of  an  animal. 

I  nyuk 

Of  a  river  ;  see  rump. 

to  move 

i-sku' 

rtsot-Uei' 

Restricted  to  quantity  or 

number. 

'  Although      these     refer 

rather  to  quality  than 

(luantity,  they  can  bo 

used    in  either   sense. 

much 

When  combined,  as  is 

sometimes  the  case  for 

emphasis,  they  become 

o-i'u-i     ehnk'M.       Al- 

though both  have  the 

cliukli                              1 

meaning  of  much,   or 

.o-ru'-i                               1 

very,  each  is  used,  ac- 
cording to  custom,  with 
particular    words,    al- 
though with  no  differ- 
ence   of   sense  ;    o-ru 
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how  much 

be-lcoiigs' 

mud 

docli'-ka 

mute 

mc, 

nail 

u-r.its'-kwo 

naked 


to  name 
name 


narrow 

navel 

near 

neck 
necklace 


/  8um'-e 
i  wu'-ji-ka 


I-kye' 
kye 


fshu-ftsi'-la-la 

[  bu-sutk' 

mo'-f-wo 
r  tsi'-net 

ku-ku'-ni 
I  ket'-ke 


ki-li'-fke-cha 


'na-mu'-f-ka 
pu-li'-fki-cha 


>i'-wo+ki-cha 


nyetn,  very  heavy;  tyi'ig 
chukli,  very  large  ;  2^ 
raUki  orui,  many  peo- 
ple are  coming;  pe  Uosi 
Uot-Ueiy  there  are  many 
people  there. 


Chi-ka,  material. 


kwOf 


U'ra-\-8ka,  finger; 
scale,  skin,  &c. 

Both  words  are  used  for 
bare  or  naked  ;  but  the 
latter  ("empty  "  7.  t?.) 
is  usually  applied  to 
naked  children  who, 
according  to  local 
custom  are  yet  too  small 
to  wear  clothing. 
^Probably  both  derived, 
with  I-ki-a'-na,  to  want, 
from  the  same  root  as 
i'kiUf  to  call.  These 
three  verbs  run  into 
each  other  in  conjuga- 
tion. 

iS/iw,  see  middle;  tsi-Ia-la, 
small.  Anything  hol- 
low ;  also  a  stream. 

Anything  solid. 

Knot, 


In  place  or  time. 

In  time  only. 

This  ke-chOy  does  not 
seem  to  be  connected 
withA-i-<r^a',  a  string  or 
tendon.  It  occurs  again 
in  leg. 

Tiger's  teeth. 

Made  from  shell  beads ; 

see  sh^ll  and  string, 
'Made  from    beads  q.   v. 
There  are    other    less 
common     names,      all 
taken  from  the  material 
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needle 

negro 

nest 

new 

ni<^ht 

nipple 


no 

nobody 
noise 
noon 
nose 


not 


(  kush 
i  di-ka' 

tset-t«e'-|-wak 

du'+hu 

pji'-ni 

Do-nye'-wi 

t8u-|-wo'-|-be-ta 

f  au 
\  ke 

ke'-fji 

ba-lar' 

di'-fbc-ta 

ji'-kut 

rke 


kam 


ke'+ku 

notbing 

sbun'-tai 

now 

i'-ya 

nuclial  lump 

ku-li'-fduk-wo 

nnmerals 

1 

ct 

fbut 
bul 
bui 
bo 

'  m-nyat' 
m-ny;il' 
m-iiyar' 
m-nyon' 

/  keil 

]  keng 

ika 

I skang 

(  skan 


Tborn. 

Tset-t«ey  dark  ;  wak;  race. 

Du,  bird;  hu,  house. 


TsU'iPOf    breast  ;    he-ta'^ 

I>oiut. 
Negation. 
Not. 
7t>,  not ;  ji,  who. 


midday. 


A  as  iu  father.  Used  only 
as  follows — ^^  kam  je 
hoico'  betfte' "  (not  I  fire 
prepared).  "  I  have  not 
kindled  the  fire.'' 

Ke,  not ;  ku,  more. 

{Nothing;  whatever.  Only 
used  for  "absolutely 
nothing.'' 
See  here,  and  lo-day. 
'  Ku-li^  see  neck.  The  en- 
larged nuChal  ligament 
caused  by  carrying 
heavy  loads  suspended 
from  the  forehead. 


Impersonal. 

Pei-sonal. 

Counting  days,  future. 

Counting  days,  past. 

Impersonal. 

Personal. 

Counting  days,  future. 

Counting  days,  past. 

Counting  days,  future. 
Counting  days,  past. 

Counting  days,  past. 
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a 

( terl 

\> 

\  ter'-i 

Countinif  days. 

^ 

rku'gl 

i  ku'gu 

Counting  days,  future. 

r  pa'-gl 

8 

]pai 

Counting  days,  future. 

ipa 

Count  iujj  days,  pa«t. 

0 

8u-ni'-to 

10 

d-bob' 

11 

d-bob-fki-fet' 

A7,  more ;  €/,  one. 

12 

d-bob-fki-f-but' 

13 

d-bob-^ki-f  m-nyat' 

• 

20 

d-bob-f  but'-juk 

Butjuk,  twice. 

21 

d-b(»b-f-but'-juk+ki-f  et 

oil 

ki-u' 

/  i-nu' 
i  ke'ji-'ko 

Old  and  worn  out,  or  de- 

old 

cayecK 

Old  person. 

on 

be-ta'-l-kin 

Bt-tii'       summit ;      Am, 
region. 

once 

et'+e-kur 

Et,  one ;  e'-kur,  alone. 

one,  at  a  time 

et-f-ket'-ke 

See  only. 

only 

f  e'-mi 

See  alone. 

\kot 

Et-\-kit,   only  one;  but-\- 

ke!j  only  two, 

open 


ha '-si 


to  open 


I-sliku-fku'-ka 

i-wo'-fwa 

I-shuiig-fpu' 
I-pu 

I-wo+pu' 


To  uncover  a  vessel,  to 
open  a  book  ;    see   to 
cover. 
To  open  a  door;  see  to 

shut. 
To  spread,  to  unfold. 
Also  to  strike,  to  pu«»h. 
'They  so.netimes  say  hu 
»hkupu,  literally,  **piish 
the  door   (open)/'   but 
i'tcO'ira  is  better. 


to  oppose 
other 


iu-mu'-ka 

isa-ka' 
hau'-ri 
et'-fe-kur 


otter  ha-wa' 

A.  p.  8.— VOL.  XIV.    3u 


Aho.         ^  There    is    no 
DitferenU  r    nearer    way 
Once.,         ^    of  approach- 
ing the  idea. 

Lutra  BrazlUensisf 
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oat 
outside 


over 
oyster 
to  pack 

package 
pain 
to  paint 
palm  of  hand 

pantiiloons 
part 
to  part 
to  pass 
pasty 

to  pay 
pebble 

peccary 
penis 


people 


perhaps 
perpendicular 

pcraon 


petticoat 


vu'-fte-fkin 


be-ta'-f-kin 

shuk'-te 

i-be-ku' 

dli 

de-li'rna 
pat'yu 
u-ra'-f-ptu 

klu'-f-yo 

ek'-sin-e 

i-bra'-fta 

T-ru'-j-mi 

i-tu-wo' 

pa-tu-en'-ko 
ak'-f-wo 

f  ka'-sir 
t  si-ni 
f  ma-lek' 

I  kd-be'-j-wo 

pe 
wak 


^  wak-f  i-pa 

bru 

shke'-ka 

ji 

ke'-ki 


ba'-na 


Kin,  see  region,  u  is  pro- 
ably  from  hu,  bouse. 
The  expression  (lite- 
rally outside  of  the 
house)  is  applied  to  the 
outside  of  anything. 

See  on. 

See  to  drive,  to  envelop,  to 
cover. 

See  to  ache. 

Ptu,  palm  or  sole;    see 

foot. 
Klu,  leg  ;  see  shirt. 

I'tu,  to  cut. 
Mi  (i-/ni'-a)  to  go. 
Like  dough  or  stiff  mud  ; 
see  viscid  and  fluid. 

Ak,  stone ;  wo,  round, 
lump. 

Dicotylei  torquatus. 

D.  labiutus. 

Human ;  see  Uiil 
}  Kif:-he',  snake  ;  applied  to 
I     all  the  lower  animals. 

As  individuals, 

As  applied  to  tribe  or  race. 

'  Collective,  thus  sa  itak-L 

pa,  our  people  ;  never 

8a-irak,   to  distinguish 

from  ant  (tita-{-wuk). 

Sec  to  ignore. 

Sec  straight. 

See  who  ;  ke-ji  nobody. 

Person  of  consideration, 
used  like  «ir,in  English; 
probably  from  ke'-ji-ke 
old. 

■  The  native  dress  of  the 
women ;  a  cloth  tied 
round  the  loins  and 
reaching  to  the  knees. 
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to  pick  up 

f  I-shtuk 
[  i-ku'kn 

To  gather. 
To  lift. 

piece 

tak 

pile 

I-ra-pa' 

A  heap. 

to  pile  up 

T-ra-pa'-(-uug 

piled  up 

i-ra-pa'-|-na 

to  pinch 

I-ku-ni-tsu'-wa 

pine  apple 

a-mu'-fwo 

f  A  borrowed  word  found 

pipe 

ca-chim'-ba 

}     all  over  Spanish  Amer- 
(.     ica. 

'ske, 

In  place  of;  see  equiva- 
lent. 

place 

i-to' 

Place  for  a  thing. 
r  See  country  ;    itna  koifg 

koi% 

}      lye?     **what    is    this 
I     place  called?'' 

plain 

koiTg-f-ghke' 

8hke,  flat. 

to  plait 

du-ki', 

to  plant, 

I-tAung'-bo 
I-kyu 

Seeds. 
Roots. 

plantain 

ko-rub' 

plastic 

i-no'-i-no 

to  play 

I-nuk' 

plaything 


plenty 

point 

pointed 

polished 

possession 

pot 

to  pound 
to  pour 

precipice 
pregnant 


J  ma'-ma 
\  uu'-kur 


f  o-ru'-i 

t  shkon'-ten-e 

bc-ta' 

be-ta'-ta 

u-ris-u-ris'-i 

cha 

ta-be'-|-ung 

I-wo+tu 

r  i-tu'-f  tsung 
J  i-tu' 
ll-u' 

ak'+tu 

f  nya'-f-ye 
i  bo'-bo-kye 


See  flower. 

See  metal,  money y  and  to 
to  play. 

Much,  many. 

Also  summit,  top,  end. 

See  note  to  mine, 
Ta-he',  iron ;  see  iron  and 
jar. 

To  pour  out. 
I  To  pour  in. 

Ak,  stone,  rock. 

Human  ;  sec  belly. 
Lower  animals. 
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to  prepare 

l-be-ket'-ke 

See  ready. 

pretty 

boi 

See  good. 

price 

town'-|-ske 

See  to  buy;  tke,  value, 
equivalent. 

priest 

tsu'-gur 

l«h'Uu,  to  sing ;  a  singer. 

proof 

cha'gu 

to  prove 

!-cha'-gu. 

to  pull 

T-kuilg. 

to  pull  out 

i-8hui'%'-fkui% 

To  straighten ;  to  spread 
out. 

pulse 

si- wai%' -|- ki-cha 

Si-waiig^  wind ;  ki-eliOy 
striog. 

to  push 

I-pai'-ku 

to  put 

!-muk' 

See  to  gite. 

to  put  into 

!-u' 

See  to  pour. 

quarter 


<j[uick 


ready 
red 


I-ju-wa' 


r  bet'-ku 
'  de-re '-re 
L  bou'-i 


kaw'-ni 


I  on '-a 
1  b('-ket'-ke 
/  mat'-ki 
\  mat'-kli 
V  ma'-iu 


Applied  only  to  the  quar- 
ters of  an  animal ;  for 
a  fourth  part  of  an  in- 
animate object,  they 
only  say  tak,  a  piece. 

Kapid,  sudden,  to  hurry. 
A  ppl ied  to  a  rapid  stream. 
Very  quick. 

This  woi-d  is  now  in  a 
transition  state.  KoiQ- 
-{-li,  the  original  form 
(see  note  on  du9t)  is 
still  sometimes,  though 
rarely,  used,  and  is 
equally  understood. 


rainbow 

ko-be' 

Snake. 

rat 

skwe 

Also  mouse  and  mole. 

ravine 

koi'ig-f-be-li'-na 

raw 

ha'-ki 

'  i-ru'mi 

In  going  to  a  place. 
'  With  the  hand  ;  always 

to  reach 

used   with  u-ra  (arm, 

I-re'-ska 

hand);  thus  **  I  cannot 

reach  it"   keje  u-ra  re- 
ska. 

To  prepare. 

Reddish. 
Brownish  red. 
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Kin  lias  a  double  mean- 
ing, it  is  used  tluip, 
Lari  kin  the  region,  or 
district  of  Lari;  de-je 
kin,  the  salt  region  (the 
sea).  Besides  it  signi- 
fies on,  or  in,  a  place  or 
direction ;  is  kin,  be- 
low ;  bHa  kin,  on  the 
point  or  summit  of  a 
hill ;  nyo-ro  kin  on  the 
road. 


to  remain 

on'-te 

remainder                 fbt-te+on'-te 

Be'-ta,  see  end,  point. 

I  be-ta+tso'-f-nya 

Tsoiet-so-si)  to  have,  to  be. 

to  remember 

ke-f-hen-i-cho 

Ke,  not ;  see  to  forgcL 

to  resemble 

suilfe 

To  see,  to  look. 

to  reside 

se'-ne-ke 

to  rest 

he'-ne-ke 

to  return 

re'me-li 

ribs 

chi-ne' 

ribbed 

bu-che-no'-noi 

right 

boi 

Good. 
f  U-rUy  arm  ;  bwa,  right,  in 
•j      sense  of  direction    or 
i     side  only. 

right  hand 

u-ra-fbwa' 

rim 

su-su'-i 

rind 

i-kwo'-lit 

See  skin,  bark. 

ring 

shkit'-kc 

See  shki,  round. 

ripe 

ri 

to  rise 

i  ku'-kn 

river 

di-f-kibi' 

Di,  water ;  ki-bi,  large. 

rivulet 

di-l-la 

La,  diminutive. 

road 

nyo-ro' 

to  roast 

i-ku-ke' 

rock 

ak 

Stone. 

to  rock 

a-lik-a-lik'-e 

As  a  cradle,  or  a  round- 
bottomed  vessel. 

to  roll 

i-wo-be-tru' 

See  to  twist,    to  turn,  to 
shake. 

roof 

hu-fku 

ITu,  house. 

roots 

wi'-i-nyuk 

Kpuky  rump,  butt. 

bus'-kr 

A  twisted,  or  *  'laid"  ropo. 

du'-iii 

A  plaited  rope. 

rope 

'  A  common,  rousihly  made 

tsa 

rope,  a  bark  string,  or 
a  vine   used  in  tying : 

see  vine. 
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rotten 
rough 

round 


rump 


sap 


c-nu'-ne-wa 

a-ten-e-ten-e' 

sliki 


nyuk 


wu'-li 


See  old. 

Circular. 

Used  for  anything  round- 
ed, like  the  face,  a  seed, 
a  lump  in  the  flesh,  a 
rounded  hill,  the  sun, 
moon,  and  in  the  names 
of  various  parts  of  the 
body. 

See  butt,  roots,  river, 
mouth. 


te  run 

I-nen-e' 

sacrum 

ju'-wo-fdi-cha 

Ju'-xto,  small  of  back ; 
di  cha,  bone. 

sad 

hed-i-a'-na 

See  grief,  sorry. 

saliva 

wi'-ri 

salt 

d6-je' 

sand 

tsonfe'  +  chi-ka 

See  beacTi,  gravel,  mate- 
rial. 

This  root,  probably  de- 
rived from  some  allied 
dialect,  is  now  adopted 
into  Isthmian  Spanish 
as  **uli,''  "hule,''  etc., 
for  caoutchouc. 


savannah 

sok 

to  save 

!-bru' 

to  say 
scab 

I-chu' 

i  pash'-f  kwo 

iTiro,  scale;  not  l'pa-\-8kufo 
to  wash. 

to  scare 
scattered 

sfi-wa'-f  ung 
tski'-tski 

See  to  frighten. 

scorpion 

bi-cho' 

r  i-a-pa'-f  si-u 

f  Like  to  scrape  Uie  bark 
<      from  a  stick  ;  to  scale 

to  scrape 
to  scratch 

i  i-ki-u' 
i-bi'-u 

i     a  fish  is  i'kwo'-\-iti'U, 
To  clean  a  dirty  surface. 

sea 

to  search 

/  di-f  dc-je' 

I  de-je+kin 

I-ju-flu' 

Di\  water ;  de-je',  salt. 

See  region. 

See  to  hunt,  to  look  for. 

to  see 
seed 

sueiig 
wo' 

See  round. 

to  sell 

I-me'-rir 
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I-pat-ku-fmi 


to  sew 


shadow 


to  shake 


shallow 


sharp 

to  sharpen 
she 

shell 


T-wo-fju-j-wo 


si-ri-u'-gur 

'  i-wo+ti'-u 
I-woilfe-l-ju 

i-si' 
bu-lltk' 

a-ka'-fta 

br-ta'-fta 
(  a-ka'-f-ung 
^  bc-ta'-j-ung 

ye 

jok'se-ra 

pu-li' 


su-ri' 

shield 
shin 

to  shino 

.  sa-ni' 
so'gur 
taiig'-j-wo 
du-r'u'-ru-i 

t  I-lu'+gur 

shirt 

pa'-fyo 

to  shoot 

i-tu' 

[Gabb. 

l'pa(-ku,  to  push  ;  t-mi-a 
to  go. 

WOf  besides  round,  means 
in  this  and  (iimilar  con- 
nections, whole,  to- 
gether, complete  or 
closed.  See  to  close; 
i-ju-icoy  to  make,  **to 
make  closed,"  or  **to 
make  together.'' 


{A   violent  •  motion    like 
shaking  dust  out  of  a 
cloth. 
A  gentle     motion,    like 
leaves  in  a  breeze. 

{Applied  to  water ;  di-\-8i 
a    shallow    stream    or 
pond. 
A  shallow  vessel,   like  a 
pan  or  dish. 

{A'kay  tooth,  sharp  tooth- 
ed   or  edged ;    like  a 
knife  edge. 
Shari>  iK)inted. 


Also  he. 

Flat    univalves ;     JieliXj 

eyclostomdj  helicina,  etc. 
Long  univalves ;  melania^ 

buli'muSy  gland (na J  etc. 
Donax, 
Large  bivalves. 


Lu,  light ;  to  shine  like  a 
fire,  to  give  light. 

Poy  skin,  covering ;  see 
pantaloons. 

To  cut,  to  cliop. 
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sbort 


skin 


r  hu'-ye 
I  bu'-shi-a 


shoulder 

so'-bri 

shoulder  blade 

o 

shrimi) 
to  Shut 

so' 

l.wo-f-tu' 
^  i-sbku-f  pa-be-ku' 

sick 

ki-ri'-na 

side 

wo'-fsu-U 
u-ra' 

silence 

bi'-ne 

be'+ke-pi 

similar 

nyi'-f-ke-pi 
di-u'-si 

to  sing 

sister 

sister-in-law 

nyi-fsbtsei' 

isb-tsu' 

kut-fa' 

bo'-fkut 

i-kwo'-lit 

pa 


skull 
sky 

to  sleep 
sleepy 
sloping 

wo'-ki-fdicha 

boi%'-|-kut-tu 

kl-puk' 

ki-pu-fwet'-ke 

o-utk' 

sloth 

1  sC'-noi'ig' 
s  se'-ri 
i^  di'-ra 

slow 

cn-ai-en-jii'  , 

small 

tsi '-la-la 

small  of  back 

tsii'ig-wo 

to  smell 

la 

to  smell  j;oo(l 

(  a-mas-a-mas' 
'  m-nas-m-nas'-i 

smuko 

sbkou-o' 

This  was  explained  to  me 
by  the  jierson  holding 
his  hands  but  a  few  in- 
ches apart;  saying  this 
was  hu'-ye  \  with  his 
bands  ab<>ut  a  yard  a- 
p:ui  h(»  KJird  hu'-shi-a^ 
while  any  greater 
length  is  bi-tdng^  long. 

See  oo^. 
I  See  to  close,  to  cover,  to 


open. 

Of  the  body. 
Right  or  left  hand  ;  u-  ra^ 
arm. 

Alike,  also,  thus. 
Equal,  alike. 
**  Like  that." 
Exactly  alike,  iu  s])eaking 
See  prkit. 


Cuticle,  bark,  scale,  nail, 

feather,  <fcc. 
Cuticle,    surface,  or  any 

soft  outer  envelope. 
Wo'ki,  head;  di-cha,  bone 
See  note  to  country. 


See  bevele'd. 
Choloepus  Iloffmanni, 
A  rctopither.us  cimtaniecps, 
Cyclothurus  doraulis. 

See  little. 


Like  flowers  and  fluids. 
Like  fcKxl. 
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\ 
smooth 


snail 


snake 


son-in-law 


sore 

sorry 
sour 
to  speak 

spirit 


fji-ji 

I  u-ris-u-ris'- 
/  pu-li' 
-j  jok'-se-ro 
I  ki-pe 


ke-be' 


H 


to  sneeze 

chi'-na 

so 

r  i-nyes' 
1  he'-ke-pi 

soft 

(  a-ni'-ni-e 
(  b-jo'-b-jo 

soil 

sole  of  foot 

i'-juk 
klu+ptu 

solid 

rae'-ye 

sometimes 

mi-kle' 

je-fla 


na-wa'-ki-ra 
f  sir'-a-pa 
^  tsi'-net 
f  su-me'-fwo 
^  ki-nuug 

hed-i-au'-a 

sbku-shku'-i 

I-Shtu 
|bi 
i.  wig'-bru 


Both  syllables  equall  y 
accentod.  Not  necos- 
sarily  polished. 

Polished. 

^  See  shell 

Shell-less  species. 
'  A  curious  coincidence  ex- 
ists in  the  fact  that  in 
the  Island  of  Santo  Do- 
mingo, where  there  are 
no  venomous  reptileSi  a 
poisonous  plant,  retain- 
ing its  uative  name,  is 
called    by    the    i)eople 

**So,  or  thus,  he  says.*' 
Alike,   or  similar ;  it    is 

also  used  in  the  sense 

of  **doit  80.'' 
Like  cloth. 
Like  a  cushion,  or  soft 

bread. 
Earth;  not  l'juk',to drink. 
KlUy  foot ;  ptu,  also  palm 

of  hand. 


/<?,  my  ;  la,  or  la-Uty  from 
^si*'-^a -/a  little.  Father, 
mother,  son,  &c.,  are 
always  used  with  cither 
a  personal  pronoun,  or 
the  name  of  the  relative. 

See  immediately. 

Near. 

Ulcer. 

Proud  flesh. 

See  grief,  sad. 


[  See  ghost;  also  introduc- 
tory notes. 
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to  spit 

wu-ri-ftu+wo' 

See  taliva. 

spleen 

tak 

See  jc^&Ta 

to  spoil 

I-nu'-ng 

See  oldy  rotten. 

spotted 

kro'-ro 

'  i-shuu^-f  tsu 

Loose  objects,  as  grain, 

to  spread 

cacao,  &c. ;  also  to  un- 
roll. 

.  i-shun^-f  pu 

A  cloth,  &c. ;  see  to  open. 

spring 

jol 

Also  a  cataract. 

sprit 

su-re'4-wo 

spy 

i-tut'-kuk 

square 


shki-shki'-a 


This  word  applies  equally 
to  a  triangular  or  a 
polygonal  surface,  and 
means  rather  angular. 
There  are  no  specific 
names  for  figures  of 
different  numbers  of 
sides,  the  exact  shape 
being  designated  by 
such  phrases  as  '^  four- 
sided,"  &o. 


L  si-chit'-ki-a 

A  square  prism  ;  like  a 
beam  ;  see  angle. 

to  stab 

I-tiuii^'+wa 

to  stand 

i-mer'-dwo 

star 

bek'+wo 

to  start 

be-te' 

to  steal 

hog'-bru 

stick 

kar 

to  stick  to 

I-ba'-tsa-wa 

sticky 

bi-ti-bi-ti' 

to  sting 

I-tke'-wet 

to  stink 

o-ru'-fha-ra 

O-ru'-tj  much. 

la-f-su-ru'-i 

La,  to  smell;  «u-rti'-i^bad. 

to  stir 

I-shu-fI-kruu|: 

8hu,  see  middle  ;  i-kruiQ 
to  grasp,  to  hold. 

stone 

ak 

stool 

kru-wa' 

See  bejich. 

'Second  person,  impera- 
tive,   present.       This 

stop 

pa-pa' 

verb  is  used  in  no  other 
mood,  tense,  or  person.. 
In  all  other  cases,  Wn'- 
tsUf  to  wait,  is  used. 

stout 

chi-ka4-tyi%' 

Ohi-kOf  material;  tyrighig 
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straight 

to  straighten 

to  strike 


string 
strong 
to  suck. 

sudden 
sugar 

summit 

to  summon 

sun 

sure 

to  swallow 

sweat 

to  sweep 

sweet 

to  swim 

to  swing 

taU 


to  take 


totolk 
tall 
tame 
to  tangle 
tapir 
to  taste 

to  tear 


teat 


shke-f-we' 
I-shungMu 
ri-pu 

ll-tu 


ki-cha' 

de-re'-re 

I-ku'+juk 

bet'-ku 
pa'-gl-fchi-ka 

b6-ta'+kin 

I-ki-u' 

di'-f  wo 

je'-na 

i-mru'-fmi 

pa+li'-na 

I-wush'+kru 

bro-broi' 

a-u'-ku-ri 

I-ung'-ke-a 

ma-lek' 

i-tsu 

i-t8u'-|-me 

I-ju'-j-tsu 

I-tsunk' 

I-Shtu' 

tyn^'-f^ru 

hu'-|-ru 

ish-chon'-a-ga 

na-i' 

i-quash'-tse 

I-krash'-a-na 


^  !-schi'-na-na 


To  beat. 

To  strike  with  the  inten- 
tion of  cutting  or 
wounding ;  see  '^  ehi)pf 
to  shoot,  &c. 


KUf   tongue ;    %-juk'^    to 

drink;  also  to  lick. 
Quick. 

See  sugar  cane  ;  chi-ka, 
material. 
t  Be-tUf  point;  kin  region; 
-<      the  summit  of  a  hill  or 
^     road. 
To  call. 

See  true. 

See  hot. 

See  broom  and  to  scrape. 


Mei  yourself  (take  from 

me). 
Juy    auxiliary    (go    and 

take. 
Take  it  up. 
To  speak. 
See  large. 
IlUy  house. 


Like  cloth. 

To  tear  open,  like  split- 
ting a  piece  of  sugar 
cane  with  the  hands, 
or  tearing  open  the 
skin  of  an  orange. 


tsu'-fwo 
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While  other  tribes  have 

special  names  for  the 

teeth 

a.ka' 

molars,  the  Bri-bris  call 
them  a-ka+di-u'shent 
.     (back  teeth). 

temples 

wo'+ki-j-cha 

Wo-ki\  Lead  ;  ke-cha^  see 
leg,  neck. 

tender 

to'-to 

BeefragiUf  weak. 

tendon 

ki-cha' 

String. 

testicles 

kyak 

that 

es'-e 

Apparently  Spanish,  ese. 

that  (is  it) 

es'-es 

**                  •*   esoes. 

then 

(  e'-wa 
\  et'-to 

Also  afterwards. 

tliere 

(  di-ya' 

\  di-ya'-f-e-ku 

**  In  that  direction  ;"  see 
here. 

they 

ye'+pa 

See  he. 

thick 

bu-ri'-ri 

thief 

hog'-bi-u-f-ru 

See  to  steal. 

thi-h 

tu 

tbiu 

si-bu'-bu-i 

to  think 

hen'-|-bc-ku 

See  forget,  remember^  and 
introductory  notes. 

this 

f  i'-sa 
\  hi 

Not  e'-se,  that. 

A-hi?    tooth.      Deriva- 

thorn 

di-ka' 

tively    applied     to     a 
needle. 

thorns 

dike' 
i  be 

Plural ;  see  intro<luctory 
notes. 

thou 

I  be'-re 

Re,  see  note  to  I. 

thrice 

m-nyat+juk 

throat 

bi-do'-nya 

to  throw 

(  I-hu'-juk 

i  T-tu 

See  to  »?ioo(,  t^  pour,  &c. 

thumb 

u-ra-|- ska-{- woi'ig'-wi 

See  finger. 

thunder 

a-i-a' 

thus 

f  he'-ke-pi 

*  i-nyes' 

See  »o. 

This  is   one    of  several 
specific  names  for  the 

tick 

bur-ir'-i-e 

t^     same  insect. 

to  tickle 

se-cho'-ne 

to  tie 

i-mao' 
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'  di-ko'-rum 

F,  coneolor. 

na-rau' 

Generic. 

tiger 

na-mu-f  kro'-ro 
du-re'grub 

J'     F.  onca. 

se-an'-um 

ditto,  black  tar. 

.  i§h-tsa-|-na-mu 

P.  pardalis. 

uyo-nyo'-ne 
en-e'-ri-e 

Past ;  it  means  **  a  long 

time 

time  ago." 

Future  time,  also  remote. 

tired 

shti-ri'-na 

toad 

bu-ke' 

tobacco 

da-wa' 

\ 

toes 

klu+rat'-ska 

Kitty  foot;  rat-skay  see 
finger. 

^  nyi'-ta 
edj'.ka 

See  ufith. 

together                   ^ 

1  nyi-Shke' 

See  even. 

to-morrow 

bu-le' 

toDgue 

ku 

top 

be-ta' 

See  point,  end,  summit. 

top  of  head 

man-o'+be-ta 

Be-tUf  summit. 

torch 

kirk 

tortoise 

kwi 

to  touch 

i-ku'-fwa 

tree 

kar 

Also  stick  ;  see  foi-est,  &c. 

top  of  tree 

kar-l-ko'+be-ta 

See  tree  and  summit. 

trunk  of  tree 

kar'-fu-ku 

tribe 

wak 

f  je'-ua 
I  maw'-ki 

In  the  sense  of  "  yes,  that 

true 

is  so.*' 

Absolutely  ;  as  contradis- 

tinguished from  false. 

truth 

maw'-ki 

to  turn 

I-wo-ftru 

See  to  twisty  to  roily  to 
shake. 

«Rly 

RU-ru'-i 

See  had. 

ulcer 

8u-me'-fwo 

uncle 

(  ye-noi'ig' 

Maternal. 

'  yt--nong-f  juk 

Paternal. 

unclean 

f  iiya' 

Dirty,  filthy  ;  see  dung. 

bn-ku-ni' 

In  suiKirstition. 

uader 

is'4-kin 

See  heloio. 

to  understand 

ish-tse'-bo 

unlike 

hau'-ri 
r  ha'-ki 

unripe 

^  pan'-f  ri 

lliy  ripe. 

aikbb.1 
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to  unroll 

I-shun^-j-tsu 

See  to  open,  to  ipread. 

to  untie 

i-wo'-l-tsu 

until 

ia-pan'-a 

to  unwind 

i-shuug'+tsu 

See  to  vnroll. 

up                              1 

shke 

See  straight. 

a-koi% 

upon                         I 

a-koi% 
be-ta'4-kin 

See  pointf  under ^  and 
summit. 

upper  arm 

u-ra'-j-krob 

U-rOf  arm. 

upright 

shke'-f-ka 

See  perpendicular. 

tOUS49 

I-wa'-tu 

valley 

koiife'fbli 

value 

ske 

See  equioalent. 

vein 

ki-cha' 

String. 

o-ru'-i 

\  See  much. 

very 

chukMi 

^  tu-ru'-ru-i 

Applied  only  to  f>ery  hot 
water. 

vertebra 

ko'-j-wo 

f  Tsa,  any  vine  or  strip  of 
bark  that  can  be  used 

'  tsa'-f-ki-cha 

to  tie  with ;    ki-eha.  a 

vine 

string. 
Kar^    wood ;    generally, 

.  kar'-f  ki-cha 

one  that  cannot  be  used 
to  tie  with. 

viscid 

ku-nyo'-ku-nyo 

Like  syrup  or  honey. 

voice 

or'-ke 

to  vomit 

cho'4-li 

I-chOf  to  lose. 

to  wag 

I-wo-ftsi'-tsi 

Like  a  dog's  taU. 

waist 

ki-par' 

r  I-kin'4-tsu 

To  wait  for  anything  or 

to  wait 

person. 

^  I-pan'-a 

To  wait  until  another 
time. 

to  walk 

T-shku' 

to  want 

I-ki-a'-na 

See  to  call,  to  name. 

warm 

ba 

See  hot. 

to  wash 

!-8kwo' 

wasp 

bu-kra' 

water 

di 

watery 

di-f-se-re'-re 

wax 

bur'-j-nya 

Bur,  bee  ;  nya,  dung. 

we 

sa 
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weak 

f  to'-to 
Ito-toi' 

See  tender;  fragile. 

well                          < 

fble 

Noun. 

Iboi 

Adjective   and    adverb; 

good. 

to  weep 

ma-iu' 

r  nu-ne'-ga 
I  tsfi-bat'-tsg-ba 

The  person,  as  in  a  rain. 

wet 

See  green ;  applied  to  in- 

'S 

animate  objects. 

ed-l' 

"What  is  it,"  or  "what 

what 

is  the  matter." 

wes 

"What  did  you  say?" 

Iji 

Personal;  who. 

when 

mi'-ka 

rwen^ 

"Where  is ?"  Used 

where 

in  a  sentence. 

• 

^  we'-du 

Used  alone. 

whisper 

sa'-sa 

whistle 

Shka'-kunfe 

Ka  ia-ka)  the  teeth  ? 

white 

su-ru'-ru-i 

Also  light  colored. 

who. 

ji 

whole 

wan'-yi 

Entire. 

'  Used  alone,  or  at  the  be- 
ginning of  a  sentence, 

•iub                                  \   . 

i-knen'-ke  means  "  that 

i-kuen'-ke                      ^ 

is  the  reason,"  as  well 

why 

as  being  used  interro. 
'     gatively. 

in'-u-i 

Used  alone. 

wide 

shu-j-tyi%' 

See  middle^  narrow^  and 
large. 

wife 

je-fra'-kur 

See  woman  and  son. 

wild 

ka-f  nyi'-j-ru 

See  tame  ;  ka  (kar)  tree 
(forest)  ;  nyi,  together. 

wind 

si-wanj;' 

wing 

i-pik' 

to  wipe 

T-pa-fkru 

See  to  ecrape. 

with                           j 

ta 

Accompanying. 

wa 

By     means    of;    i-wa?, 
"what  with?" 

woman 

g-ra'-kur 

wood 

kar 

See  tree,  stick. 

to  work 

ka-n6'-bruk 

f 
worm                        ', 

nya-fbus'-6ri                  ) 
nya'+wak                      > 

Lumbricus  ;  nya,   dung. 
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to  wrap 
to  wring 
wrinkled 
wrist 


year 


i-be-ku'-wa 

!-wo-j-bc-tru' 

j  u-ku-nu-j  u-ku-nu' 

u-ra-fwo'4-l>ak 


da-wab' 


yellow 

/  tski-ri'-ri 
^  du-ko'-lum 

yes 

f  he 
\tu 

yesterday 
you 

chi-ki' 
ha 

young 
youTcelf 

pu'-pu 
me 

See  to  roll. 


The  year  is  counted  by 
the  dry  seasons  when 
the  flower  stalks  of  the 
river  cane  are  ripe  and 
fit  to  cut  for  arrow 
shafts. 

Bright  yellow. 

Brownish  yellow. 

>  Synonymous  ;  Jie  is  most 
commonly  used. 


Only  used  in  compounds; 
see  note  on  pronouns. 
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THE  EFFECT  OF  MAGNETIC  AND  GALVANIC  FORCES  UPON 

THE  STRENGTH  OF,  AND  DESTRUCTION  OF  IRON  AND 

STEEL  STRUCTURES. 

By  Charles  M.  Cresson,  M.D. 

(Read  before  the  American  Philosophical  Society,  June  18,  1875.) 

Bars  and  Structures  of  Iron  and  Steel  when  allowed  to  remain  at  rest 
for  a  considerable  time  acquire  measurable  magnetic  polarity. 

Moderate  percussion,  alternations  of  heat  and  cold,  exposure  to  the 
rays  of  the  sun,  especially  with  a  long  axis  of  figure  parallel,  or  nearly 
coincident  with  a  magnetic  meridian  of  the  earth,  have  a  tendency  to  de- 
velop and  strengthen  magnetic  polarity. 

Thus,  Iron  Bridges,  Iron  Vessels  upon  the  stocks  in  progress  of  con- 
struction, and  Iron  Railway  Tracks  are  particularly  liable  to  acquire 
magnetic  polarity. 

It  is  asserted  that  the  relative  position  of  the  long  axis  of  Iron  Ships 
with  reference  to  the  magnetic  meridian  materially  affects  their  polarity 
and  the  facility  of  the  correction  of  their  compasses. 

If  the  keels  of  such  vessels  be  laid  on  a  North  and  South  line,  they  are 
supposed  to  acquire  greater  polarity,  and  to  retain  it  more  steadily  than 
when  laid  Eist  and  West. 

The  evidence  of  an  iron  ship's  polarity  is  exhibited  to  the  greatest  de- 
gree, by  comparison  of  its  effects  upon  its  compasses  when  the  vessel  is 
sailing  in  an  easterly  or  westerly  direction. 

A  consideration  of  the  following  facts  seems  to  favor  the  conclusion 
that  magnetic  bars  of  Iron  should  be  better  able  to  resist  tensile  strain 
than  those  which  are  not  magnetic. 

A  thoroughly  magnetic  bar  is  one  of  which  each  end  repels  a  pole  of  a 
magnetic  needle.  The  centre  of  such  a  bar  is  neutral,  that  is  attracts 
either  end  of  a  magnetic  needle  and  repels  neither. 

If  we  break  such  a  bar  in  half,  we  are  possessed  of  two  magnetic  bars  ; 
that  end  of  the  original  bar  which  attracted  the  south  end  of  a  magnetic 
needle  continues  to  attract  it,  that  which  attracted  the  noi*th  end  continues 
to  do  so,  whilst  the  two  new  ends  which  had  formed  the  neutral  centre  of 
the  original  bar,  each  acquires  a  polarity  opposite  to  the  other,  and  also 
opposite  to  that  possessed  by  its  own  opposite  end.  A  continuance  of  this 
process,  that  is,  the  fracturing  of  each  half  until  we  have  obtained  such 
minute  fragments  of  the  bar  as  can  be  examined  only  under  the  micro- 
scope, still  produces  perfectly  polarized  bars,  possessing  all  of  the  mag- 
netic characteristics  of  the  original  bar,  with  varying,  attracting,  and 
repelling  force  according  to  some  ratio  of  the  relative  length  and  thick- 
ness of  the  fragments. 

Arguing  upon  this,  we  are  led  to  the  conclusion  that  a  continuance  of 
this  process  must  produce  molecular  magnets. 

If  we  place  magnetic  bars  in  contact  with  each  other,  the  north  and 
south  poles  alternating  and  in  contact  with  each  other,  we  obtain  a  metallio 
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chain  of  considerable  strength,  although  its  component  parts  are  not 
mechanically  connected  together.  The  closer  the  contact  of  the  ends  of 
the  bars  the  stronger  will  be  the  chain. 

If  with  isolated  bars  we  can  obtain  a  connecting  force  equal  to  many 
pounds  by  close  contact,  how  much  stronger  mast  be  the  connecting  force 
when  exerted  between  molecule  and  molecule. 

Such  an  argument  undoubtedly  leads  to  the  conclusion  fhat  bars  satu- 
rated with  magnetic  force  should  certainly  be  stronger  than  those  that 
are  not. 

Faraday  announced  that  'Hhere  existed  lines  of  force  within  the  mag- 
net of  the  same  nature  as  those  without.  What  is  more  they  are  exactly 
equal  in  amount  with  those  without.  They  have  a  relation  in  direction 
to  those  without ;  in  fact  are  conlinuations  of  them,  absolutely  unchanged 
in  their  nature." 

To  determine  the  effect  of  magnetic  force  upon  the  tensile  strength  of 
Iron  and  Steel,*  bars  of  each  were  selected  and  cut  into  suitable  lengths 
for  use  in  the  breaking  machine  and  numbered. 

Nos.  1,  8,  5,  &c.,  were  broken  in  the  usual  manner. 

Nos.  2,  4,  6,  &o.,  whilst  in  the  breaking  machine  were  surrounded  by 
a  suitable  coil  of  copper- wire,  through  which  a  current  of  galvanic  elec- 
tricity was  passed  during  the  operation  of  breaking. 

The  results  obtained  from  the  magnetic  Steel  bars  were  about  one  per 
cent,  less  than  those  obtained  from  the  non-magnetic,  and  from  the  mag- 
netic soft  Iron  bars  about  three  per  cent,  less  than  from  the  non-inagnetic. 

Both  the  Steel  and  Iron  bars  became  heated  whilst  within  the  influence 
of  the  current  of  electricity,  the  soft  Iron  more  so  than  the  Steel. 

It'occurred  to  me  that  the  depreciation  of  strength  might  have  been 
caused  by  the  rise  of  temperaturef  in  the  bars,  and  I  accordingly  prepared 
permanent  magnets  from  alternate  sections  of  a  steel  bar  and  repeated 
the  experiments  comparing  the  cold  magnets  with  the  unmagnetized  sec- 
tions of  the  same  bar.  The  results  showed  no  appreciable  difference  in 
strength  between  the  magnetic  and  non-magnetic  sections. 

To  test  the  matter  still  further,  bars  of  Steel  were  bo  magnetized  as  to 
present  a  pole  at  one  end,  the  other  in  the  middle  of  the  bar,  with  one 
end  neutral,  that  is,  one  end  of  the  bar  attracted  the  North  or  South  pole 
of  a  magnetic  needle  and  repelled  the  South  or  North,  and  the  other  end 
of  the  bar  attracted  either  pole  of  a  magnetic  needle. 

*  The  Steel  employed  in  the  experiment  was  '^  Jossop*s  Round  Machinery,"  ^  Inch 
rod— 

ftnd  hrnke  at   5  nia-^>»num,  127,934  lbs. 
and  Drone  at  j  nilnlumra,  126,C94  lbs. 

per  square  inch  or  section. 

'rt,.^  T.n.«  K..»ir^  »t   5  maximum,    59,948  lbs. 
The  Iron  broke  at  J  n„uimum,     56,887  lbs. 

per  square  inch  of  section, 
t  For  effects  of  temperature  upon  the  tensile  strength  of  Iron,  see  Report  of  the  Com- 
mittee of  the  Franklin  Institute  of  Pennsylvania,—'*  upon  the  strength  of  materials 
employed  in  the  construction  of  Steam  Boilers."    Experiments  made  at  the  request 
of  the  Treasury  Department  of  the  United  States  (Jan'y  4th,  1831— Jan*y  6th,  1837). 
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Under  these  conditions  if  there  was  any  effect  to  be  had  from  the  in- 
fluence of  the  magnetic  force,  the  bar  should  incline  to  break  either  at 
the  central  pole  or  at  the  neutral  point  between  the  poles. 

The  resuUs  of  the  experiments  showed  that  there  was  no  inclination  to 
a  choice  of  either  location  as  the  place  of  fracture. 

The  conclusion  arrived  at,  is,  that  the  condition  o^  magnetic  polarity 
doei  not  in  any  way  influence  the  strength  of  steel  bars.  With  refer- 
ence to  the  soft  iron  bars  the  comparison  was  not  made,  for  the  re  ison 
^hat  they  would  not  remain  magnetic  unless  surrounded  by  the  galvanic 
coil,  in  which  case  they  became  heated  by  the  action  of  the  current. 

How  far  a  change  from  fibrous  to  crystalline  structure  is  effected  by  the 
influence  of  magnetism  has  not  b  2en  ascertained,  or  whether  there  is  any 
deterioration  of  the  strength  of  iron  or  steel  on  such  account. 

Iron  telegraph  wires,  in  the  course  of  time  become  brittle,  and  to  such 
an  extent  that  if  the  usual  method  of  uniting  them  by  winding  each  upon 
the  other  is  attempted,  they  are  frequently  broken  in  the  process. 

From  this  it  would  appear  that  the  passage  of  a  strong  galvanic  cur- 
rent produces  some  molecular  change  affecting  the  strength  of  iron. 
Such  conducting  wiros,  however,  are  not  necessarily  or  even  usually  mag- 
netic. There  can  be  no  doubt,  however,  as  to  the  deteriorating  effect  of 
galvanic  force  as  an  accelerator  of  oxidation  or  the  solution  of  a  metal. 

Observations  upon  Iron  Bridges  and  structures  subjected  to  atmos- 
pheric influences  and  upon  Boilers  exposed  to  the  action  of  heat  and  the 
chemical' agents  contained  in  ordinary  waters  lead  to  the  conclusion  that 
galvanic  force  is  usually  as  great,  and  frequently  a  far  greater  cause  of 
deterioration  than  mechanical  wear.  Indeeed  all  of  the  operations  of 
nature,  organic  and  inorganic,  both  constructive  and  disjunctive,  involve 
the  production  of  more  or  less  galvanic  force  or  are  the  i-esults  of  its 
action. 

Motion,  unaccompanied  by  any  other  apparent  change  than  that  of 
place,  is  a  disturber  of  electric  or  galvanic  equilibrium,  and  the  converse 
is  equally  true.  If  it  were  possible  to  produce  perfectly  pure  and  homo- 
geneous iron,  then  the  generation  of  destructive  galvanic  currents  by  the 
contact  of  sheets  or  bars  would  not  take  place. 

By  exercising  care  in  the  selection  of  iron,  especially  that  used  for 
steam  boilers,  the  deterioration  from  galvanic  action  can  be  reduced  to  a 
minimum. 

Many  steam  boilers  have  come  under  my  observation  in  which  the  cor- 
rosion was  but  slight,  and  affected  all  parts  equally,  others  in  which  the 
metal  of  a  single  sheet  only  was  attacked,  the  corrosion  of  which  sheet 
protected  the  remainder  of  the  boiler  almost  as  efficiently  as  if  the  sheet 
had  been  replaced  by  one  of  the  metal  zinc. 

The  most  striking  instance  of  the  effect  of  introducing  a  sheet  of  metal 
of  greatly  differing  electro-condition,  that-  occurs  to  me,  is  that  of  a 
boiler  which  had  been  in  use  for  a  considerable  length  of  time  without 
showing  any  unusual  tendency  to  corrosion,  when  from  some  cause  it  be- 
came necessary  to  replace  a  sheet  by  a  new  one. 
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The  result  of  the  introduction  of  a  new  sheet  was  to  set  up  at  once  a 
strong  galvanic  action  by  which  every  sheet  in  the  boiler  was  corroded 
except  the  new  one. 

Samples  of  iron  cut  from  the  edges  of  the  old  and  from  the  new  sheets 
were  placed  in  a  bath  to  which  a  few  drops  of  dilute  acid  were  added  and 
a  connection  made  with  a  galvanometer,  resulting  in  the  production  of  a 
strong  current ;  the  purer  iron  corroding,  and  protecting  that  which  con- 
tained the  greatest  amount  of  carbon. 

The  inciting  cause  of  the  galvanic  action  was  therefore  judged  to  be 
the  introduction  of  a  sheet  of  iron  electro-negative  to  those  already  in 
the  boiler,  its  position  in  the  electro-chemical  scale  depending  upon  the 
amount  of  carbon  it  contained. 

The  injurious  eflfect  consequent  upon  the  junction  of  masses  of  wrought 
iron  of  varying  electro-chemical  properties,  is,  therefore,  increased  when 
steel  is  joined  to  wTOught  iron,  as  is  frequently  the  case  in  locomotive 
boilers  in  the  tubes  and  tube  sheets. 

Again  by  the  junction  of  east  iron  to  steel  or  to  wrought  iron,  the  de- 
structive effect  is  greatly  intensified,  and  at  times  becomes  quite  as  vio- 
lent as  when  copper  is  made  an  element  in  the  galvanic  circuit  in  con- 
nection with  wrought  iron. 

The  necessity  for  the  selection  of  iron  with  reference  to  its  electric  con- 
dition, applies  equally  to  the  material  employed  for  Bridges  or  Vessels  or 
Boilers  or  any  structure  which  is  to  be  built  up  from  separate  sheets  and 
bars  of  iron. 

It  is  or  ought  to  be  the  habit  of  careful  constructors  to  cut  sample 
pieces  from  every  sheet  or  bar  of  metal  worked,  and  to  make  a  trial  of 
their  quality  by  bending  hot  and  cold,  and  to  make  frequent  tests  of  ten- 
sile strength.  Examinations  as  to  electro-chemical  condition  can  be 
made  with  equal  facility.  Determinations  of  the  composition  of  the 
metal  or  of  the  percentage  of  carbon  in  it  by  chemical  analysis  are  un- 
necessiiry  ;  an  ordinary  workman  furnished  with  a  coarse  galvanometer 
and  a  weak  acid  bath  can  ascertain  the  exact  electro-condition  of  each 
sheet  or  bar  more  rapidly  than  he  can  examine  the  quality  by  the  ordinary 
tests  of  bending  on  an  anvil,  hot  and  cold.  With  the  metal  of  Bridges, 
Vesstls,  and  especially  Steam  Boilers,  the  deterioration  by  corrosion  is 
more  to  be  feared  than  is  mechanical  wear. 

Galvanic  corrosion  acts  with  greater  vigor  in  locations  that  are  usually 
inaccessible,  such  as  the  interior  of  joints  or  defective  sheets  or  parts  that 
are  closely  approximated,  and  the  mischief  is  only  suspected  when  it  has 
progressed  to  such  a  degree  as  to  become  evidently  dangerous  and  the 
parts  are  in  condition  to  require  immediate  attention  and  repair. 

Attention  to  the  precautions  enumerated  for  securing  mechanical  and 
chemical  fitncsH  of  the  metal  to  be  used  for  structures  of  iron,  will  un- 
doubtedly promote  economy  and  safety. 
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FURTHER   RELATIONS  OF  MACrXETIC,  ORAVITATIXG,  AND 
LUMINOUS  FORCE. 
By  Pliny  E.uu.e  Chase, 
Professor  of  Mathematics  in  Haveuford  Collecjf. 
{Read  before  the  Anveriean  Philosophical  Society^  June  18,  187.>.) 
Ohin's  law  is  a  particular  case  of  the  general  principle  that  an  impul- 
sive force  may  bo  measured  by  the  product  of  resistance  overcome,  by 
velocity  communicated.     Illustrations  of  this  principle  may  be  found 

In  General  Physica,  Mass  X  Velocity  =  Momentum  ; 

In  Elociriclty,  Resistance  X  Current  =  Electromotive  force : 

In  Chemi!«try,  Atomic  weight       X  Specific  heat  =  Chemical  cor.Pljint ; 

In  Cosmogony,  Inertia-reslKtance  X  Gravitating  impulse  '-^  Centrii>etal  congtunt 

Since  all  these  expressions  refer  to  actions  from  or  towards  giy  *n  cei  - 
tres,  they  are  governed  by  the  same  mathematical  relations,  and  the  <liff- 
erent  names  by  which  the  activities  are  designated,  do  not  neces  a:  ily 
imply  any  diiTerences  in  the  nature  of  the  forces  themselves. 

Clerk  Maxwell  asks,*  **  Is  it  possible  that  the  att  inction  of  [tlio  Sun  and 
Moon],  by  causing  strains  in  the  interior  of  the  earth,  produces  clianges 
iu  the  magnetism  of  the  Earth,  and  so  by  a  kind  of  tidal  action  causps  the 
semidiurnal  variations?'*  Eleven  years  ago,  in  the  paper  which  i-cceived 
the  Magellanic  gold  medal,  and  in  other  communications,!  I  anticip:ited 
the  question,  and  gave  reasons  for  answering  it  in  the  afhrmative. 

If  the  primary  disturbance  is  of  a  tidal  character,  it  does  not  involve 
the  entire  force  of  [  AfJ ,  but  merely  the  differential  force  [  ML  '^^.     If  we 

1  1  A 

regard  the  elfctric  [3/-]  as  really  representing  [3/-Z  -*],  each  of  the 

mjiss- factors  in  Maxwell's  table   of   clectrostatio  and    electromagnetic 

_« 
dimensions  should  be  multiplied  by  [L  -].    This  multiplication  produces 

a  precixe  correspondence  between  the  electrical  and  gravitating  fields,  both 

in  extent,  and  in  many  suggestive  details. 

In  my  communication  on  the  '*  Velocity  of  Primitive  Undulations, "J  I 

showed  that  the  present  numerical  value  of  the  velocity-ratio,  U   ,  at  its 

upper  limit,  or  the  limit  between  total  solar  dissociation  and  incipient 

aggregation,  is  the  velocity  of  light,  and  that  the  planetary  ratios  are 

also  in  close  accordance  with  the  ratio  between  the  radius  of  gyration  of 

the  solar  system  when  nebulously  diffused,  and  Sun's  radius  of  gyi-ation 

about  the  centre  of  gravity  of  the  system.     If  we  wish  to  extend  our 

comparisons  to  the  lower  limit,  or  the  limit  betw<^en  total  ag;;regation 

and  commencing  dissociation,  the  directions  of  v,  and  r,,  should  be  taken 

tangentially  instead  of  radially.     Designating  the  symbols  for  the  lower 

limit  by  enclosures  we  have   (u,)   :^   r,  -•-  i^2;  (r^/)  =^  ,^    v,,  \  {It   )  = 
(r,  --  r,,)  —    —  It^  ;  (t>o)  =  {v,)  X  {U^)  =  f>o  -^  '-   Therefore  the  maxi- 

»  "  Treat  i!<e  on  Electricity  and  Magnetism,"  ii,  127. 
t  PnK".  Amer.  Philos.  Soc.,  ix,  356,  ;W7,  427,  487,  Ate. 
X  Proe.  Araer.  A^oc.  Adv.  Sci.,  xxlil,  99. 
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mum  velocity  of  possible  cohesion  in  our  system,  is  to  t?^  minimum  velocity 
of  complete  dissociation  {or  the  velocity  of  light),  as  the  diameter  of  a  circle 
is  to  its  circumference .  This  relationship  points  to  a  kind  of  circular 
polarization,  induced  by  the  resistance  of  centres  of  inertia,  as  the  medi- 
ate cause  of  agp^regation  by  the  primitive  undulations. 

In  the  following  table  the  principal  harmonies  ipvhich  I  have  pointed 
out  are  synoptically  shown.  It  should  be  remembered  that  (v)  =  (It^) 
oc  l-  oc  t^ ;  »  =  v/2  -i-  r  ;  the  variants  in  the  right-hand  column  are 
symbols  of  electric  dimensions.  I  have  adopted  Maxwell's  notation  with 
the  addition  of  an  accent  to  mark  the  symbols  of  the  electro -magnetic 
system  : 


M 

=  :r  n*  (M)   OC  («)♦  OC  (g, 

a 

=z  r.  n  '  (a)    oc  (tj)»  oc  ^' 

2r 

=  7:  n'  (2r)  oc  (vy  oc  ($',  g 

/5 

=-•;:/»■'  C'y)    OC(vy  oc(g,  g; 

^',R'»S 

^0 

^  -n^  dvo)  oc  (vy  oc  E',  C, 

f  ,  K.  §\  /.',i2 

f>i 

=  7:n'   (V,)   oc  (vy'  oc  E,    C, 

M\  R,  r'         fi 

fw 

=  7:n'  (c/,)  oc  (v)-*  oc        L', 

^,    K',  g,    f. 

r 

=  t:  n^    (^)    OC  (u)"^  oc  m', 

e,     p',  r 

^n. 

=  Tzn'  (v,„)  oc  ivy*  OC  m,   L, 

e',    P.    q' 

In  this  table,  M  =  the  primary  modulus  =  twice  the  virtual  fall,  or  the 
height  of  a  homogeneous  sBthereal  atmosphere  at  8un's  surface,  which 
would  progagate  undulations  with  the  velocity  of  light,  the  time  of  vir- 
tual fall  being  half  a  solar  rotation. 
2r     =  Sun's  diameter. 
Vq      =  velocity  of  light. 
Vf      =  maximum  velocity  communicable  by  solar  attraction  =  \^  Ogr  ** 

Sun's  surface. 
(T/)  =  maximum  velocity  of  orbital  revolution  in  our  system  =  V~gr^ 

at  Sun's  surface. 
V,,     =:  mean  equatorial  velocity  of  radial  oscillation  with  reference  to 

the  Central  Sun,  producing  solar  rotation. 
{v,^)  =  equatorial  velocity  of  solar  rotation. 
v^^^    —  falling  velocity  communicated,  at  Sun's  equatorial  surface,  by 

virtual  fall    through    the    half-radius    of    a    circumference 

equivalent  to  a  red  wave-length. 
If  all  the  internal  resistances  of  the  Sun  were  converted  into  motion, 
the  values  of  (c)  and  of  all  its  powers*  would  become  unity,  and  all  of  the 
above  tabular  values  would  become  equivalent  to  the  velocity  of  Ugh*. 

In  one  of  my  early  papers  on  the  correlations  of  gravity  and  magne- 
tism,* while  seeking  experimental  evidence  of  their  mutual  interde- 
pendence, I  called  attention  to  the  fact  that  only  about  ^\js  of  the  poten- 
tial energy  of  gravity  can   be  converted  into  actual  energy,  the    ro- 
•  Proo.  A .  P.  S.,  Ix,  866-7. 
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'  maiDder  being  opposed  by  the  reaction  of  molecular  elasticity.  Maxwell* 
has  suggested  a  crucial  experiment  of  a  similar  character  to  the  one  I 
then  sought.  The  velocity  of  his  electrified  disc  bears  nearly  the  same 
ratio  to  Earth's  orbital  velocity,  as  the  diminution  of  terrestrial  attrac- 
tion by  equatorial  centrifugal  force  (or  actual  energy  of  superficial 
gravity)  bears  to  the  total  attraction.  The  magnetic  disturbance  of  the 
disc  :  Earth's  horizontal  magnetic  force  :  :  the  molecular  vi$  viva  f  of 
equatorial  rotation  :  the  molecular  vis  viva  of  orbital  revolution.  • 

The  molecular  oscillation,  in  alternate  approach  to  and  recess  from  the 
orbital  centre,  continues  for  a  half-rotation  or  a  half-revolution,  while 

*  the  terrestrial  antagonism  lasts  only — as  long.    If  we  distinguish  the 

^  t 

terrestrial  from  the  solar  units  by  subscript  accents,  I,  =  1;  t,  ~  —  ? 

and,  if  magnetism  and  gravitation  are  tidftlly  related.  Maxwell's  data} 

may  be  represented  by  the  following  proportionate  tensions  : 

m,''  I,''  t,-^  :  m'Ptr^  :  :  m,V  :  m*    :  :  .128    :  140  X  144  X  7000  .:  :    1  : 

1102500000.     Then  m,^  :  m^    :  :   1  :  1102500000^*,   and  m  =  327710  my. 

•I    10» 
This  gives  a  solar  parallax  of  ^4400^  =  8".83,  which  is  J  of  one  per 

cent,  less  than  Cornu's  parallax. 


PLANETARY  ILLUSTRATIONS  OP  THE  CREATIVE  FIAT. 

By  Pliny  Earle  Chase. 

(Read  before  the  American  Philosophical  Society,  Aug.  20,  1875.) 

In  various  communications  to  the  American  Philosophical  Society  and 
to  the  American  Association,  I  have  shown  that  — 

1.  The  same  principles  of  inertia  which  cause  the  Foucault  pendulum  to 
record  the  Earth's  rotation,  also  register  the  Sun's  influence,  in  sound 
waves,  barometric  waves,  magnetic  variations,  mean  temperatures,  nas- 
cent velocities  both  chemical  and  cosmical,  solar  and  planetary  masses 
and  moments,  and  stellar  and  planetary  harmonies  of  relative  position, 
rotation,  and  revolution. 

2.  Various  independent  inertia-estimates  of  solar  distance  may  be  thus 
obtained,  differing  from  Cornu's  final  estimate  in  amounts  varying  be- 
tween ^5  of  one  per  cent,  and  {'q  of  one  per  cent. 

8.  All  the  physical  activities  which  I  have  tested,  seem  explicable  by 
ajtherial  waves,  propagated  with  the  velocity  of  light. 

4.  Between  a  Centauri  and  the  Sun  a  parabola  can  be  traced,  governed 
by  the  solar  modulus  of  light,  and  determining  planetary  positions. 

»  Op.  Cit.,  11,  370. 

t  The  inflaeoce  of  moleouUr  vit  viva  was  shown  In  my  discussion  of  barometric  tides, 
{ante,  ix,  287).  Imray  also  recognizes  its  importance  In  elevatln^^  the  centre  of  the 
molecule,  in  wave  movement,  above  the  normal  level,  (Proc.  Roy.  Soc.,  No.  153.  pp. 
362-3). 

X  lb.,  11,  268. 
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5.  In  studying  the  phenomena  of  exploding  hydrogen  and  oxygen,  in 
order  to  determine  the  comparative  reaction  of  Earth  and  Sun  upon  the 
disturbed  inertia,  and  their  consequent  relative  masses,  it  is  necessary  to 
consider  the  **  centres  of  explosive  oscillation,'*  at  ^  and  J  of  the  total  ex- 
cursion of  particles  from  either  extremity. 

G.  In  all  perpetual  movements  of  mutual  alternate  approach  and  re- 
gress, there  is  a  double  tendency  towards  centres  of  gravity  and  centres 
of  linear  oscillation,  due  to  the  action  of  centripetal  and  centrifugal 
equilibrating  forces,  analogous  to  the  tendencyin  simple  explosion. 

7.  Consequently  the  ratios  J  and  ^,  [(j})^  and  l-(i})^],  are  found  largely 
prevalent  in  planeto-taxis.  , 

8.  Rotation  and  orbital  revolution  are  due  to  the  operation  of  the  same 
forces,  rotation  being  merely  revolution  retarded  by  internal  pressure. 

9.  The  velocity  of  rotation  varying  inveisely  as  radius,  while  the  velo- 
city of  revolution  varies  inversely  as  the  square-root  of  radius,  the  two 
velocities,  in  a  cooling  and  shrinking  mass,  tend  to  approximate  equality. 
If  matter  were  infinitely  divisible,  or  if  the  theory  of  Boscovich  were  true, 
they  would  finally  become  equal,  and,  if  shrinkage  still  continued,  the 
preponderuting  centrifugal  force  of  rotation  would  lead  to  disintegration. 

10.  Whatever  may  be  the  ultimate  constitution  of  matter,  the  internal 
resistances  of  heat-volume,  mass-inertia,  and  other  interferences  of  known 
and  unknown  forms,  must  l)e  the  same  in  the  aggregate  as  if  the  theory 
of  Boscovich  were  true.  Therefore,  by  finding  the  limits  of  equality  in 
accordance  with  that  theory,  we  may  find  the  limiting  velocities  of  the 
primitive  force. 

11.  Those  limits  may  be  studied  tangentially,  by  comparing  the  equa- 
torial velocity  of  rotation  with  the  velocity  of  circular  revolution  at  the 
same  point  /  y^'^r)  »  J'^dially,  by  comparing  the  velocity  acquired  through 
fall  from  an  infinite  distance,  (\^¥gr)f  with  the  mean  velocity  of  radial 
oscillation  due  to  rotation  and  synchronous  with  it  l'^  of  the  velocity 
of  rotation V     At  the  points  of  equality,  the  former  limit  marks  the 

boundary  between  complete  aggregation  and  commencing  dissociation  ; 
the  latter,  between  complete  dissociation  and  commencing  aggregation. 
V2.  C'fvlculating  these  limits  for  the  principal  bodies  of  the  solar  sys- 
tem, we  find  that  complete  dissociation  would  take  place  in  all  the  sub- 
ordinate planets  before  their  rotation-speed  ha<l  increased  to  the  limiting 
velocity  of  aggregation  in  Earth  and  Jupiter  ;  complete  dissociation 
would  take  place  in  Earth  and  Jupiter,  when  their  rotation-8i)eed  had  at- 
tained the  present  limit  of  possible  cireular  revolution,  at  the  centre  of 

gravity  of  Sun  and  Jupiter  ;  the  limit  of  solar  aggregation  is  " «.'  of  the 
velocity  of  light ;  the  potential  of  solar  attractive  force  would  give  the 
velocity  of  light;  the  limit  of  solar  dissociation  is  the  velocity  of  light ; 
the  limit  of  planetary  dissociation  would  carry  a  particle  around  the  Sun 
while  a  ray  of  light  was  passing  from  the  orbit  of  Uranus,  through  Sun, 
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to  Earth's  orbit,  a  distinoe  equivalent  to  §  Neptune's  mean  radius  vec- 
tor, or  to  the  true  length  of  the  linear  pendulum  of  Sun's  outermost 
planet ;  the  time-ratio  of  Earth's  rotation  to  Jupiter's  revolution,  is  the 
same  as  the  ratio  of  Sua*8  radius  to  the  primary  pendulum. 

Combining  these  several  results  with  the  accordances  of  electrical  velo- 
city and  chemical  affinity,  which  have  been  discovered  by  Weber  and  Kobl- 
rausch,  Thomson,  Clerk  Maxwell,  and  Edlund,  and  with  the  explosive  en- 
ergy of  hydrogen,  which  brings  all  chemical  attraction  into  simple  corre- 
lation with  gravitating  attraction,  we  find  a  profound  spientific  truth  in  the 
doctrine  that  the  first  act  of  creation  was  the  Divine  command.  Let 

THERE  BE  LtGHT. 

La  Place's  calculation  that  gravitating  action  involved  a  velocity  at 
least  six  million  times  as  great  as  that  of  light,  may,  perhaps,  as  Presi- 
dent Lovering  well  suggested  in  his  Hartford  address,  require  revision  in 
order  to  make  allowance  for  additional  data.  In  a  substance,  either  of 
infinite  elasticity,  or  of  no  density,  (and,  therefore,  spiritual?)  undula- 
tions would  be  propagated  with  infiuite  velocity.  It  is  easily  conceivable, 
either  that  the  transverse  vibrations  of  luminous  waves,  which  have  been 
studied,  are  accompanied  by  co-ordinate  undulations  of  much  greater 
speed,  which  have  hitherto  escaped  notice,  or  that  tliere  is  some  other 
kind  of  motion  to  be  considered  than  that  of  simple  undulation.  In  a 
medium  for  the  transmission  of  force,  endowed  with  immense  elasticity 
and  with  such  slight  mobility  of  particles  as  Fresnel  supposed,  may  there 
not  be  a  quasi  rigidity  in  "lines  of  force  "  when  compared  with  such  low 
stresses  as  those  of  tidal  influence,  which  will  account  both  for  the  rapid- 
ity of  gravitating  action,  and  for  the  more  than  steel-like  firmness  which 
Sir  Wra.  Thomson  attributes  to  the  Earth's  mass?  The  greatest  possible 
manifestation  of  gravitating  velocity  in  the  solar  system,  v  2  gr^  is  equiv- 
alent to  that  communicated  by  virtual  fall,  at  Sun's  surface,  in  2255  sec- 
onds.    Since  this  velocity  is  only  J5J.7  as  great  as  the  velocity  of  light, 

and  since  there  are  103  (10)^«  waves  in  2255  seconds,  only—    .    — ^of  the 

velocity  of  its  own  transmission  need  be  imparted  by  each  wave  for  pro- 
ducing the  ultimate  aggregate  of  gravitating  motion. 

Looking  still  further  into  the  internal  constitution  of  the  solar  system, 
we  find  that  the  angular  velocity  of  revolution  at  twice  Neptune's  distance, 
equals  the  angular  velocity  of  rotation  due  to  a  solar  radius  extending  to 
Mercury's  mean  distance,  a  coincidence  suggesting  probable  asteroidal  or 
planetary  masses  beyond  Neptune  in  a  way  similar  to  my  harmonic  indi- 
cation of  matter  within  Mercury's  orbit,  revolving  in  a  time,  which  was 
subsequently  confirmed  by  the  Sun-spot  observations  of  De  La  Rue,  Stew- 
art, and  Loewy.  Inasmuch  as  the  velocity  communicated  by  infinite  fall 
to  any  radius  vector,  equals  the  velocity  of  circular  revolution  at  half 
that  ludius,  this  accordance  seems  to  have  fixed  the  limits  of  the  planet- 
ary belts.  Within  those  limits,  planetary  positions  may  be  referred  to 
simple  circular. pendulums,  which  are  so  related  that  their  harmonic  vi- 
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brations  tend  to  maintain  the  stability  of  the  system.  The  pendulum 
unit  is  f  Sun's  radius,  Sun's  surface  being  at  a  centre  of  explosive  oscil- 
lation. 

The  time  of  rotation  for  a  given  radius  varying  as  the  4  power  of  the 
time  of  revolution  for  the  same  radius,  the  theoretical  distance  of  each 
planet  may  be  found  by  multiplying  the  J  power  of  its  number  of  pendu- 
lum* units  by  the  value  of  the  unit.  Symbolizing  each  pendulum  by  its 
planet's  initial  letters,  the  following  table  gives  a  comparison  of  theoreti- 
cal and  actual  mean  distances.  The  second  column  exactly  represents 
planetary  positions,  although,  on  account  of  orbital  eccentricities  and 
mutual  perturbations,  it  only  represents  mean  positions  with  a  very  close, 
approximation. 

""■"--"^    '^aH"    »S'«lSU.    (^-B)-(B) 

Me.  15  83.23  83.17  -f- .0007 

Ve.  24  155.76  155.42  +.0022 

Ea.  80  209.74  214.86  —.0239 

Ma.  42  328.48  327.38  +.0034 

Ju.  105  1114.75  1117.87  —.0028 

Sa.  168  2085.75  2049.51  +  .0177 

Ur.  280  4121.54  4121.78  —.0001 

Ne.  392  6455.03           '       6453.06  +  .0003 

The  pendulum  orbits  may  be  referred  to  extremities,  or  to  centres  of 
oscillation  of  linear  pendulums,  as  follows : 

Ex,  e,  o,  e,  o.  Ex. 


1. 

Ne. 

Ur. 

Sa. 

Sa.  0.  0.  (=  i  Sa.) 

2. 

Sa. 

Ju. 

Ma. 

OMa.c.g.  (nz^^Ma.) 

3. 

Ma. 

Ea. 

Ve. 

4. 

Ma. 

Ve. 

Me. 

5. 

Ea. 

Me. 

0 

Me. 

6.  Ve.  iMa.  Me. 

Each  of  the  divisions  of  the  first  pendulum  is  equivalent  to  the  diame- 
ter of  a  Sun  extending  to  the  centre  of  oscillation  of  Sa.,  and  the  pendu- 
lum orbit  is  symmetrically  divided  on  both  sides  of  the  Sun. 

Each  of  the  divisions  of  the  second  pendulum  is  equivalent  to  a  pendu- 
lum, of  which  Sun  occupies  a  centre  of  oscillation,  and  Mars  a  centre  of 
vibration. 

If  all  physical  force  is  transmitted  through  the  medium  of  an  elastic 
SBther,  the  foregoing  accordances  seem  to  illustrate  the  well-known  law, 
that  where  points  of  gross  inertia  are  established  in  an  elastic  medium, 
and  exposed  to  undulations  from  every  direction,  as  the  distances  increase 
in  arithmetical  progression  the  densities  decrease  in  harmonic  pro- 
gression. 
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YBA.RLY  RAINFALL  IN  THE  UNITED  STATES. 

By  Pliny  Eable  Chare, 

Professor  op  Mathematics  in  Haverford  College. 

{Re^id  before  the  American  Philosophieal  Society^  August  20,  1875.) 

At  the  Society's  Meeting,  on  the  16th  of  April  last,  I  submitted  a  com- 
munication on  the  Lunar-Monthly  rainfall  in  the  United  States,  as  de- 
duced from  an  examination  of  the  morning  weather  maps  issued  by  the 
Signal  Service  Bureau.  The  maps  extended  over  a  period  of  about  three 
years,  and  as  the  average  number  of  reporting  stations  was  about  sixty, 
the  results  represented  an  average  of  at  least  2000  observations  for  each 
of  the  thirty  lunar-monthly  days.  For  various  reasons,  enumerated  in 
the  communication,  the  derived  normals  should  be  regarded  as  only  pro- 
visional ;  still,  the  regularity  of  the  curve,  its  magnitude,  its  resem- 
blance to  the  Philadelphia  cui*ve  for  43  years,  and  the  indications  of  dis- 
turbances originating  beyond  the  Mississippi  river,  seem  to  justify  my 
estimate  of  the  importance  of  such  general  comparisons  as  our  National 
Bureau  has  for  the  first  time  made  possible. 

In  order  to  provide  still  further  material  for  future  use,  I  have  tabula- 
ted the  same  observations  with  reference  to  Earth's  annual  course  around 
the  Sun.  The  rainfall  for  each  year  is  divided  into  30  periods  of  12  or 
13  days  each,  always  dividing  to  the  nearest  day,  the  first  division  em- 
bracing the  last  six  days  of  one  year,  and  the  first  six  days  of  the  follow- 
ing year.  The  total  fall  for  each  period  was  divided  by  the  total  number 
of  reports  for  the  same  period,  and  the  normals  were  deduced  from  the 
resulting  averages  in  the  same  manner  as  in  my  previous  meteorological 
papers.  These  normals,  as  given  in  the  accompanying  table,  indicate  an 
average  solar  disturbance  about  2.3  times  as  great  as  the  lunar.  This 
suggests  some  kind  of  reciprocal  tidal  action,  and  it  seems  also  to  point 
towards  an  important  cosmical  law,  but  more  extended  obsei*vations  and 
comparisons  are  needful  in  order  to  justify  any  conclusive  decision. 
There  are  some  resemblances  between  the  present  curve  and  the  corres- 
ponding lunar-monthly  curve  which  seem  worthy  of  study,  but  it  is 
perhaps  better  to  postpone  their  critical  examination,  until  their  signifi- 
cance is  either  confirmed  or  changed  by  the  observations  for  one  or  more 
additional  periods  of  like  duration.  For  the  convenience  of  those  who 
may  desire  to  make  comparisons  without  waiting  for  further  data,  I 
copy  the  lunar  normals  alongside  of  the  solar. 
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opinion  as  to  whether  the  acid  named  is  the  one  possessing  the  normal 
molecular  structure  given  above,  or  is  only  an  isomer  of  it^  having  its 
carbon  atoms  dift'erently  united.  Notably  with  gljcerio  acid  is  this  yet 
an  open  question.  Some  results  lately  obtained  in  the  course  of  a  study 
of  this  acid  appear  to  me  to  be  of  value  for  the  solution  of  this  question. 
The  other  view  of  the  molecular  structure  of  glyceric  acid  makes  it 
unsymmetrical,  two  of  the  carbon  atoms  being  doubly  united.  The 
formula  given  is  CHj,.OH. 

/fc.OH 
O    I 
\CH.OH. 

As  will  be  seen,  this  formula  does  not  contain  the  Oi^rboxyl  group 
hitherto  supposed  to  be  the  invariable  characteristic  of  an  organic  acid. 
The  author  of  this  theory  is  Prof.  Wislicenus,  of  Wiirzburg,  and  the 
following  are  the  reasons  given  in  support  of  it.  If  lactic  acid  be 
acted  upon  with  hydrogen  iodide,  a  iodo-propionic  acid  is  formed, 
according  to  the  following  reaction  : 

Cn,  CH3 

CH.OH  +  HI  =  bfl.I     +  H.OH 

(JO.OH  bo.OH. 

This  when  heated  to  150O  with  strong  HI  is  changed  into  propionic 
acid.  If,  on  the  other  hand,  glyceric  acid  be  acted  upon  with  hydrogen 
iodide,  ^  iodo-propionic  acid  is  formed.    If  this  had  the  formula 

CHJ 

C!Hj 

(JO.OH, 

on  treatment  with  moist  silver  oxide,  it  would  pass  into  ethylene  lactic 
acid.  It  does  not,  however,  do  this,  but  a  new  acid  isomeric  with 
ethylene  lactic  acid  is  formed — hydracrylic — 

CH2.OH 

/(JH 
O    I 
\CH.OH. 

That  the  molecular  structure  of  this  acid  is  essentially  dififerent  from 
that  of  ethylene  lactic  acid  is  proved  by  the  oxydation  products  of  the 
two.  Ethylene  lactic  acid  yields  malonic  acid,  while  hydracrylic  does 
not  yield  a  trace  of  this,  breaking  up  into  glycolic  and  oxalic  acids  and 
carbonic  dioxide.  Moreover,  hydracrylic  acid  on  heating  yields  acrylic 
acid,  a  derivative  of  allyl  alcohol,  instead  of  the  lactid  yielded  by  the 
lactic  8cids. 

Prof  Wislicenus,  however,  frankly  gives  one  experiment  made  by  him- 
self, the  result  of  which  tends  the  other  way.  He  reduced  the  ^  iodo- 
propionic  acid  by  sodium  amalgam  and  obtained  what  appeared  to  be  the 
normal  propionic  acid,  showing  the  regular  molecular  structure. 
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In  favor  moreover  of  the  normal  stmctare  for  the  molecule  of  glyceric 
acid  is  the  formation  of  pyruvic  or  pyroracemic  acid 

CH, 
CO 

io.OH 

from  glyceric  acid  upon  heating  this  to  140^,  explained  by  the  following 
reaction :  CH^OH  CH, 

iaoH  —  H.OH  =  bo 

CO.OH  to.OH. 

The  structure  of  this  pyruvic  acid  is  known  from  the  fact  that  acted 
upon  by  nascent  hydrogen  it  gives  normal  lactic  acid. 

A  strong  additional  argument  would  be  had,  if  we  could  show  a  con- 
nection between  glyceric  acid,      CHj.OH 

in.OH 

CO.OH 

and  tartronic  acid,  CO.OH 

CH.OH 
CO.OH. 
Hitherto  tartronic  acid  had  not  been  formed  from  glyceric  acid,  but 
only  in  an  indirect  way,  by  the  spontaneous  decomposition  of  nitro- 
tartaric  acid,  according  to  the  following  reaction : 
CO.OH  CX).OH 

CH.OCNOj)        CH.OH 
in.OCNO^)  ^  CO.OH  +  ^^^«  +  ^^» 
to.OH 
However  this  mode  of  formation  was  interesting  as  tending  to  show  its 
symmetry  of  structure.    For  that  matter  a  dibasic,  triatomic  acid  could 
hardly  exist,  except  by  the  assumption  of  two  carboxyl  groups. 

I  have  been  fortunate  enough  to  find  tartronic  acid  associated  with  gly- 
ceric acid  in  the  oxydation  products  of  glycerine.  The  preparation  of 
the  two  acids  was  as  follows :  One  part  by.  weight  of  glycerine  is 
mixed  with  one  part  of  water,  and  to  the  mixture  is  added,  by  means 
of  a  long  funnel  tube  reaching  to  the  bottom  of  the  cylinder,  about 
one  and  a  quarter  parts  of  red  fuming  nitric  acid.  After  allowing 
them  to  rest  until  all  gas  evolution  has  ceased,  (which  usually  takes  some 
six  days,)  the  solution  is  evaporated  down  at  a  gentle  heat  until  the 
fumes  of  nitric  acid  are  no  longer  perceptible.  It  is  then  very  thick 
and  syrupy.  It  is  now  diluted  with  water,  and  plumbic  carbonate  is 
added  in  excess.  The  oxalate  and  undissolved  carbonate  are  filtered  ofif, 
and  the  solution  slightly  concentrated  and  allowed  to  crystallize.  The 
gly cerate  of  lead  deposits  in  thick  crystalline  crusts.  These  are  separated 
from  the  mother-iiquor,  dissolved,  and  the  lead  precipitated  out  from  the 
solution  by  sulphuretted  hydrogen. 
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Tbe  colorless  or  light  straw-colored  filtrate  is  somewhat  concentrated, 
and  calcic  carbonate  is  added  to  neutralization.  The  solution  is  filtered, 
if  necessary,  and  to  tbe  filtrate  is  added  an  equal  volume  of  95  per  cent, 
alcohol.  The  calcium  salts  present  are  all  precipitated,  in  greater  part 
at  once,  and  completely  on  standing  twelve  hours. 

If  the  solution  had  been  very  concentrated  the  calcium  salt  is  precipi- 
tated in  a  granular  condition.  If,  on  the  other  hand,  it  was  more  dilute, 
the  salt  only  separates  gradually,  and  has  a  beautiful  micaceous  and  scaly 
appearance. 

I  had  at  first  considered  this  precipitate  to  be  pure  calcium  glycerate, 
but  found  on  dissolving  it  in  water,  in  order  to  free  it  from  the  lime  and 
obtain  the  glyceric  acid,  that  while  the  greater  portion  dissolved  readily 
in  warm^ater,  a  considerable  portion,  although  not  more  than  one-tenth 
of  the  whole  amount,  remained  and  dissolved  only  on  continued  boiling. 
This,  when  filtered  off  and  washed  in  cold  water,  appeared  as  a  dull 
white  almost  impalpable  powder,  contrasting  in  appearance  with  the 
crystalline  glycerate. 

It  was  dried  carefully  at  10(P  until  constant  weight  was  obtained. 

Calcium  determinations  were  first  made.  Weighted  portions  were 
ignited  in  a  platinum  crucible  once  or  twice  with  excess  of  concentrated 
sulphuric  acid  until  the  weight  remained  constant. 

.5755  grms.  salt  yielded  .4925  grms.  CaSO^  equal  to  25.22  per  cent.  Ca. 

.1159  grms.  salt  yielded  .1505  grms.  CaS04  equal  to  25.16  per  cent.  Ca. 

The  theoretical  per  cent,  of  calcium  in  calcium  tartronate  is  25  32, 
while  in  calcium  glycerate,  allowing  for  two  molecules  of  water  of  crys- 
tallization, it  is  13.99. 

I  ha<l  analyzed  the  micaceous  preparation  of  calcium  glycerate  about 
the  same  time  and  had  gotten  in  two  determinations,  14.03,  14.07  per 
cent,  of  calcium  respectively.  The  difference  was  so  great  that  I  could 
not  understand  it.  On  reckoning  up  the  molecular  weighty  however, 
assuming  one  atom  of  calcium  to  be  present,  I  got  159.  The  molecular 
weight  of  calcium  tartronate  is  158.  Being  dibasic,  the  molecular 
weight  of  the  calcium  compound  is  of  course  much  less  than  the  weight 
of  the  calcium  compound  of  glyceric  acid,  a  monobasic  acid. 

I  endeavored  twice  to  make  a  combustion  of  the  salt  in  order  to  get  the 
per  cent,  of  hydrogen  and  carbon.  Each  time  calcium  carbonate  re- 
mained undecomposed  at  the  heat  of  the  combustion.  I  therefore  gave 
them  up. 

I  then  took  the  remainder  of  my  salt,  grown  rather  small,  to  my  great 
regi'et,  and  neutralizing  the  lime  with  oxalic  acid,  obtained  the  free 
acid.  This,  on  concentration,  deposited  out  crystals.  On  examination 
with  a  lens  they  were  seen  to  l>e  of  tabular  form,  well  agreeing  with  the 
appearance  of  tartronic  acid  obtained  from  nitro-tartaric  acid.  A  com- 
bustion was  made  of  these,  and  here,  unfortunately,  an  accident  to  the 
potash  bulbs  lost  me  the  carbon  determination.  The  hydrogen  determi- 
nation however,  is  given. 


m«.j 


(J19 


[Sodiler 


*4a48  grms*  Bait  ji«tded  .1313  gnu«.  H.O  equal  to  3.S8  per  c«nt. 
hjdiiDgen. 

The  theoretical  per  oent,  of  hjdrogen  in  CjHA  ia  3.3S. 

An  important  test  that  I  wished  to  tnak©  but  was  conipeUed  to  foiiego 
for  the  time,  was  to  act  upon  this  tartronic  acid  with  bydrogen  iodide. 
Were  its  structure  sjmmotrical,  it  Bhould  yield  a  iodo-malonic  acld| 
which  by  further  treatzuBnt  with  HI  or  with  reducing  agents  would  yield 
maloiue  acid . 

Wishing  to  obt^iin  larger  quantities  of  the  tnrtroiiic  st^id  for  further 
exaralnaiiou,  I  hate  fiiiice  oxydized  another  pfirtion  of  glycerine  and 
treated  the  producti^  in  the  same  way.  This  time  I  got  no  tartronic  acid 
whatevott  at  least  only  a  tra^e  of  caldum  salt  remaioed  uudissoWed  on 
heating  with  water.  Evidently  here  the  oxydatiou  bad  proceeded  same- 
wlmt  dLlfoi-eutiy  as  no  tartronic  acid  formed^.  This  result  is  not  sur- 
prising oti  redectioUf  as  the  oxydation  by  nitric  acid  is  not  capable  of 
much  control^  aad  a  product;  once  formed  is  liable  to  be  still  further 
uiydized.  Thus  glyceric  and  tartronic  acids  are  both  liable  to  be 
oxydized  into  oxalic  acid^  which  always  forms  in  cotisiderable  though 
varying  quantity.  Indeed  the  oxydation  of  glycerine  by  nitric  acid  is 
now  kuowa  to  jield  a  variety  of  ptNodueta,  of  which,  however,  no  doul»t 
ioiEie  are  secondary  ones. 

Thus  Heintz*hB8  proved  that  raeenilc,  formic,  glycolic,  and  glyoxalic 
acids  are  all  found  associated  with  the  glyceric  and  03ta1ic  acids  in  this 
product. 

,The  tartronic  acid  just  found,  therefore,  is  only  one  of  several  sraallor 
iide*products.  The  known  symmetry  of  structure  of  the  molecules  of  all 
tbe&D  side  products,  however^  certainly  argues  in  favor  of  a  similar  sym~ 
metry  in  the  glyceric  acid  molecule. 

There  is  one  way  of  reconciling  these  two  views  of  the  structure  of 
glyceric  acid,  and  that  m  the  assumption  of  the  existence  of  two  isomeric 
acids,  of  which  one  is  normal  and  the  other  an  uusym metrical  aeid. 

Some  results  that  I  have  just  obtained  in  purify  lug  the  calcium  gly- 
cerate  seem,  indeed,  to  point  this  way,  Should  the  unsymmetrical  gly- 
ceric acid  preponderate  in  this  mixtuie,  Wislicenuii'  reactions  with  hydro- 
gen iodide  are  readily  understood.  Another  fact,  whicli  should  not  be 
lost  sight  of,  is  that  in  the  decomposition  of  ^t  iodo- propionic  acid  by 
moist  silver  oxide,  Wislioenust  obtained  not  hydmcrylic  acid  alone,  but 
three  other  products  aceompaning  it,  so  tha^t  the  deeompoiitiou  was  not 
so  simple. 

I  am  now  engaged  upon  a  study  of  this  question  and  hoi«  to  be  able  to 
give  more  information  upon  it,  in  a  ^htirt  time. 


•  Asa.  d«r  Ob.  and  PH.  U%  p.  m&, 
i  AntL  der  Oh,  and  Ph.  im,  p,  41, 
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NOTES  ON  GLACIAL  ACTION  VISIBLE  ALONG  THE  KITTA- 
TINNY  OR  BLUE  MOUNTAIN,  CARBON,  NORTHAMPTON, 
AND  MONROE  COUNTIES,  PENNSYLVANIA. 

Bt  Charles  E.  Hall. 

{Read  before  the  American  Philoeophieal  Society,  September  17,  1875.) 

My  attention  was  first  called  to  the  fact  of  glaciers  having  existed  along 
the  Blue  Mountain  and  south  of  it,  from  the  vast  deposits  of  boulders  and 
pebbles  south  of  the  Lehigh  Gap,  and  along  the  course  of  the  Lehigh 
River.  My  observations  have  been  limited,  not  having  had  time  to  de- 
vote to  the  subject. 

South  of  the  Lehigh  Gap,  about  one-half  mile  below  the  chain  bridge, 
on  the  east  side  of  the  river  is  a  railroad  cut  through  the  slates  of  the 
Hudson  River  group,  overlaid  by  a  large  bed  of  sands,  gravel  and 
boulders,  having  all  the  characteristics  of  a  glacial  deposit 

The  slate  has  a  dip  to  the  southeastward,  the  upper  edges  of  it  are 
broken  and  crushed  over  to  the  southward,  thus  showing  a  force  and 
weight  moving  in  a  southerly  direction  and  obliging  the  slates  to  con- 
form to  it. 

A  similar  exposure  was  observed  three-fourths  of  a  mile  below  Bow- 
man's (second  station  above  Lehigh  Gap).  Here  in  a  railroad  cut 
through  the  shale  of  VI,  on  the  east  side  of  the  river,  the  rock  is  ex- 
posed for  more  than  a  hundred  feet. 

The  rock  dips  S.20OE.,  the  line  of  the  exposure  isS.4(PE.,  and  parallel 
to  the  exposure,  or  diagonally  across  the  strike,  are  the  edges  of  the  shal^ 
overturned  and  broken,  in  some  places  to  a  depth  of  five  or  six  feet. 
Here,  too,  the  broken  edges  all  incline  to  the  southeastward,  indicating 
the  direction  of  the  moving  mass  to  be  towards  the  Gap.  The  shale  is 
very  much  crushed  near  the  surface  ;  above  it  is  a  heavy  bed  of  fine  sand, 
angular  fragments  of  rock,  and  large  boulders,  most  of  them  are  from  the 
Oriskany,  some  from  the  Chemung,  but  none  from  the  Medina  of  the 
Blue  Mountain. 

Two  hundred  yards  back  of  the  Hotel  at  Bowman's,  on  the  road  to 
Fireline,  the  slates  of  the  Hamilton  present  a  similar  appearance.  The 
upper  edges  overturaed  and  broken,  and  here  show  a  movement  to  the 
southeastward. 

We  may  conclude  from  these  facts  that  the  bed  of  the  present  river 
marks,  to  a  great  extent,  the  course  of  the  glaciers. 

To  the  east  and  west  of  the  Gap,  north  of  the  mountain  is  a  broad  fiat 
valley  extending  from  the  Oriskany  Ridge  to  the  base  of  the  mountain. 
This  valley  is  intersected  by  a  barrier  of  debris  extending  from  the 
Oriskany  Ridge  to  a  rounded  hill  of  Clinton  Shale  and  sandstone,  a  few 
hundred  yards  north  of  the  Gap. 

My  attention  was  first  called  to  this  fact  by  Mr.  H.  Martyn  Chance, 
who  was  then  making  a  survey  of  the  Gap. 

The  only  explanation  I  can  give  of  this,  is,  that  it  is  a  moraine  formed 
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by  the  glacier  aflsr  It  had  ncoeded  thrinigh  the  Gap,  powibly  a  lateral 

WiHD  Gap. 

From  tlte  few  evidences  obsenredf  I  conokided  that  here,  too,  the  gla- 
ciers had  crossed  the  Blue  Mountain  Uanpe.  N^rth  of  the  Gap  I  observed 
nothing  remarkable.  South  of  the  Gap  are  great;  uiinibers  of  boulders  of 
Oneida  congloiaerata  and  Medina  iaudst^nie.  They  iire  iftrewn  along  for 
dome  diataiice  in  a  direct  Hue  with  the  Gap,  and  apparently  mark  the 
conr&e  of  a  movin^j  body, 

Kot  haviog  observed  Uriskatiy  aandstonc  assiociated  with  the  boiilders, 
I  attributed  to  the  fkct  of  it  being  more  eaaily  disintegrated. 


Delaware  Water  Gap, 

The  firftt  notice  I  took  of  deeided  glacial  action  in  this  vicinity,  was 
about  four  miles  from  tlio  mouth  of  MarabalFa  Creek,  on  tho  road  to 
Craig's  Meadow,  where  there  are  extensive  exposures  of  the  Orisikaoy 
sandstone,  undulattog  and  pitching  gently  to  the  northward. 

The^  beilH,  often  tiuite  level,  are  scored  and  s<-^nitched  wherever  e%- 
p>o«ed*    Often  several  hnndred  squtire  feet  are  iaid  bare  by  the  road. 

The  direction  of  these  groovtm  is  S/i^-^W.,  &hoi»ing  the  direction  of  the 
moving  mafis  to  be  towards  tl»e  Gap*  That  the  motion  wiis  to  wouthward 
can  clcaily  be  seen  wherever  there  are  flight  nses  in  the  rock,  the  north- 
ern side  h  more  deeply  grc^ovel^,  ami  murtj  polished  thau  ininiediately 
ftuuth  of  it.  The  £M  weight  of  the  msm^  being  forced  agalnsit  tliu  ri«o 
would  not  act  with  the  same  fotise  till  it  had  pa^iaed  some  distance 
Ijeyond. 

Tht*  »ame  Tiet  as  remarked  in  the  White  Mountains  by  Agassis,  (?)  where 
the  northern  slopes  of  the  mountain«i  ai-e  scored  and  grooved  to  their  very 
f^iHiimttK,  but  the  scratches  do  not  appear  till  near  the  base  on  the  South- 
era  ftlopes. 

There  are  evidences  of  a  moraine  about  one  mile  north  of  the  month  ol 
Marsliairs  Creek,  near  the  miU-dam. 

In  the  neighborhood  of  Craig^s  Meiidows  are  large  deposits  of  drift, 
probably  glaeiaU 

West  and  southwest  of  the  Gap,*about  two  miles,  I  observed  polished 
and  grooved  KiirfaGes  of  tho  Medina. 

Siiuth  of  the  Gap  are  large  deposits  of  gravel  and  bouldei"s,  evidently 
glai^inl  liebnst 

Uetwec^n  the  Gap  and  Broad  he  ad's  Creek  I  observed  some  beautifully 
defined  terraces,  but  was  unablu  to  trace  theni^  These  facts  tend  to  prove 
that  the  (a^^ps  escisted  before  the  glacial  epoch,  and  that  the  pi^seut  rivers 
mark,  to  some  extent,  the  couises  of  tUtj  ice^  at  any  rate,  towards  the  close 
of  that  period. 
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THE  BEGINNINGS  OF  DEVELOPMENT. 
By  Pliny  Earle  Chase, 
Professor  op  Mathematics  in  Haverford  College. 
(^Read  before  the  American  Philosophical  Society^  September  17,  1875.) 
In  speculations  upon  the  nebular  hypothesis  exclusive  regard  has 
usually  been  paid  to  action  at  the  limit  of  possible  atmosphere,  or  the 
point  at  which  the  velocity  of  rotation  becomes  equal  to  the  velocity  of 
revolution.     Hence  many  popular  text  books  state  that,  if  the  Sun  were 
expanded  until  it  reached  the  orbit  of  each  of  the  planets  in  succession, 
its  times  of  rotation  would  correspond  with  their  respective  times  of  revo- 
lution.    This  8tatement  is  generally  understood  as  referring  to  the  expan- 
sion of  the  nucleus,  and  with  such  reference  it  is  false. 

Thfi  times  of  rotation  vary  as  the  squares  of  the  nucleal  radius,  while 
the  times  of  revolution  vary  as  the  }  power  of  the  radius  vector.  The 
rotation-radius,  or  the  radius  of  a  nucleus  which  would  have  a  rotation 
synchronous  with  orbital  revolution,  therefore  varies  as  the  J  power  of 
the  radius  vector.  In  my  communication  on  **  Planetary  Illustrations  of 
the  Creative  Fiat,"  I  represented  the  rotation  radii  by  approximate  cir- 
cular pendulums,  the  pendulum-unit  being  ^  of  Sun's  radius,  because  the 

centrifugal  force,  as  Alexander  has  stated,*  varies  as  —  ;  and  the  distance 

at  which  the  velocity  acquired  by  infinite  fall  would  equal  orbital  velocity 

1  J 

at  d,  being  2  d,  —  =  J.    The  unit  of  orbital  distance  is  J  r,  or  (J)   of  the 

present  height  of  possible  solar  atmosphere. 

In  the  following  table,  the  actual  values  of  the  rotation  radii  for  the 
several  planetary  mean  distances  are  given,  for  comparison  with  the  theo- 
retieal  pendulums  and  for  further  study.  An  inspection  of  the  numbcis 
of  pendulum-units  shuws  three  simple  nodal  groupings,  with  a  break  be- 
tween Earth  and  Mercury,  and  Venus  serving  as  a  link.  If  we  extend 
the  nodal  divisions,  we  find  that  Earth  appears  to  have  established  a 
secondary  system  of  its  own,  drawing  the  larger  portion  of  the  nodal 
material  from  18  to  Venus,  and  uniting  with  Sun,  Venus,  and  Venus- 
Mercury  in  carrying  the  rest  to  Mercury. 

Theoretical.  AetaaL  Diflerenoe  Ratio. 

Prime  Multiple  504 

112 
Neptune,t  892  392.1344  +.0003 

112 
Uranus,  280  280.0496  4.0002 

112 
flatum,  168  165.8064  —.0131 

63 
Jupiter,  105  105.2344  +.0022 

63 
Mars,  42  41.8936  —.0025 

» '*  Statement  and  Exposition  of  Certain  Harmonies  In  the  Solar  System,  by  Stephen 
Alexander,  L.L.D./  (Smithsonian  Contributions,  280,)  p.  17. 

t  The  names  of  the  Planets  will  be  used  to  denote  their  rotation-radii  throusbont 
^he  present  paper,  unless  otherwise  expressly  stated.    The  unit  of  rotation-radius  is  % 
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Tbe  strongeat  aseerter  of  accidental  coiticidetic^i!  might  well  be  Bt&g- 
gered  at  kucIi  consiHti'ncy  of  order*  ami  the  believer  in  uni verbal  caiisa- 
tloD  may  Daiurally  a^k  how  it  la  to  bu  aceotidU'd  for.  1  think  an  explan- 
ation limy  readily  bt^  found  in  tbo  combincil  action  of  ioortia  and  e)aR> 
ticityf  the  rhythm  springing  from  the  wcU-known  law  of  harmonic  den- 
siti^ii,  and  therefore  fiiini»hing  a  strong  indication  of  univer^l  astliereal 
elasticity.  T  propose  to  in(]uire  what  harmonic  ■enea  ar«  most  obvioufi 
in  the  general  arrangement,  and  on  what  simpler  and  earlier  nodal  ae- 
tivittes  they  all  depend.  The  mathematicnl  considerations  whicli  I  eha)l 
lntro<hioe  are  Buch  aft  belong  to  central  forces  in  general,  but  my  illustra- 
tions will  all  bo  drawn  from  gravitating  action, 

111  a  lotating  Del>u1at  the  centre  and  tbe  coQtnfugal  unit  at  i  n  &r  i  r 
if  we  count  from  the  circumference,  give  three  nodes  in  the  proporfiotia 
7,  S*  %  which  have  a  common  harmonio  numerator  in  7  >  8  >:  0  ^  504. 
Introducing  also  the  Uarmonio  node  }  r  =  4^  we  obtain  two  natural  har- 
monic serleB,  |f  {i  <^  ;  J,  j,  J  ;  etc.     Now 

Jupiter,  Earth  at  p«r4jove,  Earth 
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atapojove ;  and  Earth,  Swn^  Venns; 
rei4<?at  tbc  ratio  of  l^ratnis  to  the 
prime  multipte^  I.  Comparing  the 
cori'eaponding  pairB  of  inner  and 
outer  plane t^f  we  And 

®  Iff  :z  ^  :^  :  :^  :7 
thus  introdocing  the  second  serieet, 

I  U  ?■ 

If  we  measure  the  pendulnms 
from  Jupiter,  Sun  (105)  is  a  mean 
proportional  between  Saturn  (U^ 
105)  and  Uranwa  1280-105),  Moon 
and  V^enus  repeat,  in  two  pha«ep, 
the  limiting  ratio  of  Neptune  to 
Sun^  8ft2,    For,  Moon's  angular  vc- 


Sun*!  rft^Htifl*  Th«  aetua^l  roiailon-radlutof  ea«h  planet  ^  frwi*  tec*  ^^  U)  5^,  E,  g;. 
MvrL'ury't  t*d.  ycp.  ^k;s  IT  Snlt&r^^iLtni ^694^3$ routloo  uatti:  (M5.3<t  -{-IS)  %  ^^  14- 
•W13.  If  Sun  WAS  ciTfiiHifliHl  (tj  1  *^  "^'LLd  of  tts  pnitcDt  raillna.  Hi  time  of  rotdll^in  wtiiild 
equ»l  M«rcar|'e  timt'  or  rcvotutlcin. 
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loci  ties  of  rotation  and  revolution  being  the  same,  we  may  regard  her  dis- 
tance as  a  rotation-unit ;  and  the  distance  of  Venus's  orbit  from  Earth's, 
measured  in  Earth's  radii,  corresponds  with  Neptune's  distance  from  Sun, 
measured  iu  Sun's  radii,  (6458  at  mean  distance,  6518  at  mean  aphelion). 
Venus's  mean  distance  from  Earth  being  .27667  of  Earth's  mean  radius 
vector,  Sun's  distance  is  found  by  dividing  Venus's  distance  by  .27667, 

392  X  Moon's  distance  =  93,155,000  miles. 

6453  X  Earth's  radius  -f-  .27667         —  92,470,000      ** 
6518  X         **        **        -^.27667         rr=  93,395,000      " 

Before  any  physical  phenomenon  can  take  place,  there  must  be  a  physi- 
cal force  to  which  it  can  be  traced.  The  first  step  in  creative  develop- 
ment should  therefore  bo  the  creation  of  force.  The  potential  energy  of 
a  body  represents  the  differance  between  its  present,  or  actual  energy, 
and  the  greatest  energy  of  which  it  is  capable.  In  gravitation  it  is  often 
referred  to  the  results  of  a  possible  fall  from  the  present  position  to  the 
centre  of  attraction.  '  If  such  reference  were  strictly  true,  the  potential 
energy  would  always  be  infinite  ;  if  it  is  not  true,  it  is  desirable  to  find 
at  what  point  Increase  of  energy  must  cease,  and  all  the  energy  muse 
become  actual.  Various  essays  towards  this  determination  have  been 
made  in  Electricity  and  Chemistry ;  if  all  force  is  unitary  in  its  origin, 
tlie  most  encouraging  field  for  investigation  would  seem  to  be  the  one  in 
which  force  is  manifested  on  tlie  largest  scale — the  astronomical  field. 

The  energy  which  acts  with  reference  to  the  Sun  as  a  centre,  is  shown 
in  two  prominent  ways  ;  in  planetary  revolution,  the  velocity  of  which 
in  a  circular  orbit  I  will  represent  by  v^  and  in  solar  rotation  or  retarded 

revolution,  «^     Let  v     be  the  velocity  towards  which  they  both  tend, 

and  to  which  they  would  both  be  equal  if  all  the  potential  energy  of  revo- 
lution, rotation,  and  internal  resistance  could  be  changed  into  actual 
energy,    v    varies  inversely  as  the  square  root  of  radius,  while  v  .  varies 

inversely  as  radius,  so  that  if  the  potential  is  expressed  in  units  of  the 
i*adius  at  which  the  velocities  would  become  equal,  ««  =  i/~^~c~.     *q 

always  being  a  mean  proportional  between  v^j,  and  u^.  This,  however,  is 
not  the  limit  of  possible  energy,  for  the  velocity  communicated  by  infinite 
fall  =  v^2  tJ,,  and  a  body  approaching  the  centre  with  that  tangential 
velocity  would  immediately  recede,  never  to  return.  /2  t>^*  may  there- 
fore be  called  the  velocity  of  dissociation. 

If  we  suppose  a  circular  orbit  to  be  flattened  until  it  becomes  a  linear 
ellipse  with  the  solar  focus  at  one  end,  the  mean  orbital  velocity  through 

2 
twice  the  diameter  =  -  v  .    If  shrinkage  or  fall  continues  after  v  .=^v^ 

the  greater  centrifugal  force  of  rotation  destroys  rotation  proper,  giving 
*  The  superscript  line  denotini;  the  greatest  velocity  possible. 
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the  partlotes  in  the  equntoriat  plana  of  the  tmeleua  orbits  of  met^asiug 

2    -    _ 

eccontrioity,   until  they   ultiniately  become  linear,  aadj  when  ^  ^ j  ^ 

v'^  ^a^  the  velooity  of  dis8t>clatiaa  is  reaohed,  and  all  the  energy  be- 
mmes  actual.  This  velocity^  as  I  have  alre^y  shown,  m  the  velocity 
of  light. 

If  we  consider  Sun  a«  a  molecule  in  infinite  splice,  in  a  trochoidal 
wave*straliim,  evei'y  particle  alternately  approaches  a  given  point  and 
rtjoodes,  during  a  half-rotatioiK  The  projectile  or  attractive  faree»  at 
or    near    i^un's    Burface,  which    would    give    this    altcJ'uate  approiich 

and  retreat,  may  ho  reprcBented  by  gravity  acting  for  a  half-rotation,  ..- 
which  would  also  give  the  velocity  of  light*    As*  the  tiane  of  rotation 

varies  inversely  nn  gravity,  ~  has  been,  and  will  be  constant,  however 

muoh  Bnn  may  have  been  cjc  pan ded  or  may  hereafter  contract. 

In  order  that  there  may  be  such  '*  mutual  interchange  of  rclafcious'*  as 
Is  needed  for  life  and  phenomenal  change,  there  must  be  both  resem* 
blance  and  dltlerence  ^  There  must  be  space  and  time,  and  also  poaltiou, 
with  some  degree  of  Hxity  in  space  and  time.  A  universnlly  undulating, 
homogeneous  jtther,  could  manifest  no  variety,  unless  its  undulations  were 
in  some  way  Intercepted,  and  directed  to  delioite  poiuts  fordeanite  pur- 
poses. There  nmst  be  both  elasticity  and  inertia*  and  dilTorences  of  elas- 
ticity and  inertia.  lu  an  expanded  nebulous  disc,  with  tendencies  to 
nucleol  aggregatitm  at  diJlereut  points,  those  conditions  would  all  be 
aupj>lied.  Every  point  of  gross  inertia,  intercepting  undnlations  from 
every  direction  would  w?t  niicentri|ietal  actions  aud  centrifugal  reactions, 
with  tendencies  to  mutual  compensation  a  and  equilibiinra,  which  would 
give  rise  to  physical  forces  in  great  variety. 

In  the  second  volume  of  Gould's  AiJtronomical  Journal,  published  in 
1&12,  Prof.  Stephen  Alexander  gave  numerous  nebular  expositions,  one 
of  which  tre4ited  of  the  Milky  Way  as  a  spiral  with  four  branches.  In 
the  Proceedings  of  the  Boyal  AstrontMnical  Sneiety  for  Deci^mlier,  18ri0, 
Proctor  gave  a  paper  eutitleil  **A  New  Theory  of  the  Milky  Way,'* 
which  ali^o  described  it  as  being  a  spiral.  In  a  paper  read  before  the 
American  Philosophical  Society,  September  20,  19T2,  I  called  attention  to 
the  following,  among  other  facts  : 

**  III  the  solir-focal  parabola  which  pastas  through  a  Centauri  and  has 
it»  directrix  in  a  linear  centre  of  oscillation  of  a  solar  diameter,  twenty - 
seven   succei^sive    abacissaa    may    be    taken    in    regular    progression, 


i(»')  ;(»')"| 


between  the  Star  and  the  Sun's  surface,  nine  of  which  will  be  extra 
planetary,  nine  will  by  in  simple  planetary  rehitious,  and  nine  will  be 
intrs-planetary. 

**  The  upper  extr^plauetary  abscissa  bears  nearly  the  same  ratio  to  the 
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modulus  of  lights  as  [the  licnlt  of  possible  solar  atmosphere]  bears  to 
solar  radius. 

**  The  limiting  abscissas  of  the  planetary  series  are  determined  by  com- 
bining diametral  centres  of  oscillation  (2  X  §),  with  centres  of  explosive 
condensation  (J),  and  of  explosive  oscillation  (|). 

**The  planetary  series,  between  these  limits,  is  J  9>  J  ©>  J  c?»  i  mean 
asteroid,  f  it,  f  b»  J  S- 

**No  probable  values  can  be  assigned  to  the  cardinal  abscissas  (a  Cen- 
tauri  and  J  L),  which  will  produce  deviations  of  the  theoretical  from  the 
observed  values  of  a  higher  magnitude  than  the  planetary  eccentricities." 

A  manifest  connection  is  thus  shown  between  our  solar  system  and  the 
stellar  systems,  the  parabolic  pathway,  and  the  relations  of  the  modulus 
of  light  both  to  the  solar  atmosphere  and  to  the  parabolic  co-ordinates, 
suggesting  an  identity  of  undulating  and  harmonic  influence,  which  ex- 
tends the  significance  of  the  first  creative  fiat  beyond  the  limits  of  our 
planetary  sisterhood. 

2  -  - 

Wo  have  seen  that  -*  ^  =  V^^^/,    is  the  limit  of  total   dissociation, 

i/2 
therefore    ""  ®  ^  —  ^^  is  the  limit  of  possible  circular  revolution.  Planet- 

ary  ^^  at  Sun  is  80. 35  times  as  great  as  at  Neptune ;  —  X  80. 35  =  36. 18  ; 
therefore  at  36.18  solar  radii  the  reactionary  v^  bears  the  same  ratio  to  «o 

at  Sun's  surface,  as  the  accelerated  v^  at  Sun  bears  to  v^  at  tlie  outer 
limit  of  the  system.  This  represents  a  rotation-period  of  25<l.2388,  cor- 
responding very  closely  with  the  Sun-spot  estimates  which  have  been 
least  infiuenced  by  the  unexplained  acceleration*  of  the  spots 'near  the 
equator,  and  dififering  by  less  than  2^  per  cent,  from  the  estimate  which  is 
the  most  reduced  by  allowance  for  that  acceleration. 
The  range  of  uncertainty  is  as  follows  : 

Lauf^ier,  Bianchi,  and  Herschel, 25^.3250 

"  Light' '-force.  Theoretical 25.2388 

Petersen 25.1875 

Faye 25.0747 

Lelambre 25.0002 

Carrington 24.9711 

Kirkwood 24.8259 

Sporer 24.6245 

Stockwell  has  foundf  that  the  mean  perihelion  longitudes  of  Jupiter 
and  Uranus  difier  by  exactly  180^,  while  the  mean  node  longitudes  of 

*  I  know  of  no  attempt  at  explanation  but  the  one  which  I  have  already  grlven, 
based  on  the  hypothesis  that  the  velocity  is  due  to  combined  orbital  and  rotational  in. 
fluences. 

t  Memoir  on  the  Secular  Variations  of  the  Eight  Principal  Planets  (Smithsonian 
Oontrlbatlons,  232)  p.  xlv. 
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Jupiter  and  Bfttum  ako  differ  by  18CP*    These  accordances  »eem  to  point 
to  i%  primitive  nebular  arrangement  of  alternating  nudeal  po!nt«t  as 
represented  in  the  accompanying  dgm'o, 
W  t24  Ij    lfi8  O   ltK5  ^  l"'^    5  ^^  "^  compare  the  rotation- radii 

I- i^ ^-1 — ^J^' — ^ — J  for  Neptune *s  mean  apliclion  and 

Uranns,  we  find  the  ratio  of  velocity  from  infinite  fall  to  orbital 
velocity  ;  the  mean  ladina  gives  U3  the  nitio  7:5;  Uranus  :  Saturn  :  :  5 
;  S ;  Jupiter  :  Saturn  :  :  radius  of  spherical  gyration  :  radiuii  of  komo- 
goneousmass;  the  difference  between  Uninu*  and  Jupiter  :  Jupiter  :  ; 
Uramis  ■  Satnrn*  The  four  exterior  planetary  orbit*  therefor©  fnniish 
the  following  harmonic  series  :  Z,  i,  J ;  *,  ^,  'l,  ^  ;  ^,  I,  ^* 

Having  fihown  that  the  limit  of  equality,  from  or  towards  whtcb  the 
rotating  and  orbital  velocities  of  a  eolar  equatorial  paiiiele  both  tend,  ii^ 
like  the  ratio  of  the  electric  units,  a  quantity  of  the  same  order  of  mag* 
nitude  as  the  velocity  of  light,  let  us  start  from  that  velocity,  and  see 
how  nearly  our  results  agree  with  those  already  given. 

Let,  the  velocity  and  time  of  describing  radius  at  Sun's  equator  be 
represented  by 


v^  1,^  iu  solar  rotation ; 

p-  Ig  in  equatorial  revolut 

fj„  t^  by  the  velocity  of  lig 

f .  =  the  veloeity  of  light  \ 


Then   t^  oc    r';^^^  fft^  ^      -  oc    - 


i^cc   r^f^^^fft. 


1 


Vor  ^ 


Taking  Bun*s  radius  as  the  unit  of  lengthy  and  a  second  as  the  unit  of 


time,  V 


—  =  .43ie  r  per  i ;  r^  ^  — y~ 


m^ia 


1595  t.;e    = 


^^  =  .OOOe^Tr;  ©,^  =ij»j  ^  u^  —  .0O0O00(*Hr;  time  of   rotsitian  ^ 

Sttt  -t-  e^  =  25,40»  days.    The  rotation-radii  of  the  several   planet*, 

/ound  by  dividing  the  square  roots  of  their  orbital  titnes  by  the  square 
^oot  of  the  time  of  solar  rotation^  are  as  follows  : 

Keptune , 48,6603  Mars.,,, ,, 5.1997 

Uranus .,..._,  34.751)1  Earth* 3.T015 

Saturn ..,.,-.  20.5777  Venus.  .*...,,•,,.,,  2.0T38 

Jupiter , ,  13.0581  Mercury 1.8007 

These  values,  being  given  in  solar  radii,  sliould  be  niultipled  by  eight 

A.  P.  B.— -VOL.  XIV.  4c 
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to  reduce  them  to  the  centrifugal  units  which  are  given  in  the  first  table. 
Making  the  reduction,  we  find  that  the  values  found  by  the  two  methods 
differ  by  less  than  three-quarters  of  one  per  cent. 

Let  us  take  the  differences  between  the  perihelion  planets  of  successive 
two-planet  groups. 

Neptune 392.1844 

Uranus 280.0496 

Jupiter 105.2344  ^If'flf! 

Earth 30.5480     ^^'^^^ 

Sun 0.0000     ^^'^^^ 

iVenus • 11.9800     ^{'^^ 

I  Mercury 7.4956       ^-^^ 

If  we  then  divide  Neptune  by  the  first  difference,  the  first  difference 
by  the  second,  and  so  on,  we  get  the  harmonic  series  ||,  J|,  J  J,  f  f,  f  f ; 
the  numerator  being  the  quantity  which  is  contained  9  times  in  the 
prime  multiple,  7  times  in  Neptune,  5  times  in  Uranus,  and  3  times 
in  Saturn,  and  the  greatest  error  in  any  of  the  theoretical  denomina- 
tors being  less  than  one-half  of  one  per  cent.  As  the  relative  values  of 
the  rotation-radii  depend  on  the  square-roots  of  the  orbital  times,  which 
have  been  determined  with  more  precision  than  any  other  astronomical 
elements,  these  harmonies  are  known  with  great  exactness. 

The  harmonies  of  which  Earth  forms  a  constituent  seem,  as  I  have  re- 
peatedly shown,*  to  be  more  numerous  than  those  in  which  other  planets 
are  exclusively  involved.  Is  it  because  we  are  best  fitted  for  observing 
things  with  which  we  are  most  nearly  concerned,  or  because  Earth  is 
really  of  more  present  importance  and  is  therefore  purposely  provided 
with  more  various  adaptations  for  the  nurture  of  intelligence  than  either 
of  its  sister  orbs,  or  is  it  for  merely  aesthetic  reasons,  the  harmonies 
being  chords  in  the  eternal  hymn  of  praise  which  ascends  from  every  por- 
tion of  the  created  universe  to  its  Creator  ? 

A  new  modification  of  the  harmonic  law,  in  the  case  of  Venus  and 
Mercury,  is  shown,  not  only  by  the  fact  already  mentioned,  that  the  half- 
r<Miius  is  introduced,  (as  if  through  a  renewed  operation  of  the  relations 
between  the  radii  which  equalize  the  velocity  of  infinite  fall  and  circu- 
lar orbital  velocity),  but  also  by  the  intervention  of  Sun,  which  may  per- 
haps be  taken  as  an  additional  evidence  that  the  parabolic  connection  of 
the  solar  system  with  its  proper  stellar  system  has  produced  a  parabolic 
spiral,  an  i  may  therefore  be  regarded  as  a  further  confirmation  of  Prof. 
Alexander's  views.  If  we  suppose,  in  accordance  with  the  analogies  of 
organic  development,  that  the  orderly  processes  were  going  on  simul- 
taneously  throughout  the  universe,  we  may  readily  conceive  that  the 
assignment  of  the  interior  planets  to  their  appointed  places  was  not  only 
the  completion  of  our  own  Cosmos,  but  that  it  was  also  synchronous  with 
the  completion  of  the  stellar- nebular  group  to  which  we  belong. 

*  Perhaps  tho  most  import&nt  of  those  harmonies  may  he  the  retention  by  Earth  of 
one-half  Sun'san^alar  rotation  enerKy;  Sun's  superficial  gravity  giving  the  velocity 
of  light  in  a  half-rotation,  Earth's,  in  a  whole  revolution. 
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Ths  cdnnectiaii  of  l!ia  two-plani^t^ry  wiib  the  dngle-jilanet  neriest 
which  adds  to  the  genei'dl  barniaoy  the  liical  harmony  of  cqunl  dtirereiii*e» 
ooeach  side  of  the  respective  perihtflioQ  planets,  i«  ioi  tinted  Uy  the  rela- 
tion of  UniDus  to  NuptUGtT,  in  otlier  wordsi  by  the  ainijde  Uartiiouic  which 
tnoBt  nearly  denotes  the  ratio  of  circutar  orbital  veh>etty  to  the  velocity 
from  ill  finite  fall.  The  repetition  of  the  harmonic  coiiplet.  J,  i*  Iwth  in 
the  Jovian  and  in  the  Tellnrio  beltj  m  bXsq  a  coitscquenco  of  the  satno 
initiatifrer  If  wo  look  mei^Iy  to  th^  dlfTc^renceii  between  the  mean  and 
the  harnionic  po^^itioiiSr  Baturn  and  Earth  are  mo^t  diatnrbed  by  the  ac- 
tion of  Joijitef,  Mars  has  fidlen  slightly  towards  Eartti,  Jnpiter  towards 
Saturn,  Vonufi  antl  Mercnry  towards  8un,  Even  the  gre&teiit  differeni!«a 
are  \em  than  half  of  the  mean  eccentricities^  bo  that  the  hM^ooic  po^i- 
tiODs  are  f^aH^j/  repreEeatod,  and  tmversed  by  oaoh  planet  in  each  orbital 
half-riBvolntioiK  Aloreover,  since  the  geometrical  mean  of  the  actual 
mean  radii,  differs  by  less  than  ^^  of  one  per  cent*  from  the  geon^etrioat 
mean  of  the  harmonic  radii»  the  evidence  of  primitive  harmonic  intint^noe 
modi  tied  hy  mvitua!  perturbationst  seems  irresistible.  Deviation  withiii 
preHOt ibed  liniit^,  allowing  liberty  in  subordination  to  law,  pervadcss  all 
nature,  and  t:^  the  iource  of  manifold  supplementary  harmonies  nnd 
icsthetic  gmtmeations,  which  would  be  impossible  under  a  more  rigid 
code, 

Althougli  the  harmonic  action  is  most  simple  and  most  striking  in  the 
rotation  radli^  In  con^^iinence  of  the  greater  detenniniri||  intlueuce  of  the 
nucleus  the  ac^tion  does  not  oease  even  after  the  withdrawal  of  alt  the 
immediate  eJleota  of  nebular  condensation.  We  aoeordingly  find  suck 
additional  rhythmical  relations  a^  are  indiciited  by  "  Bode's  Law/* 
**KiikwofHi'»  Aoahigy,*'  Peirco*s  PhyUotactic  PlanetotaJiy,  Alexander's 
radial  ratit^jj  aud  the  various  accordances  which  I  have  hitherto  commu- 
nicated to  the  Society.  Perhaps  the  most  important  exemplification  of 
varicfl  induence  may  be  found  in  the  mutual  relations  of  the  principal 
planetary  masses  ;  Neptune  and  Saturn  be  lug  of  auoh  magnitudes  as  to 
eqiisdiee  their  iuortia-inament*  near  the  lower  nebular,  or  nueleal  radii; 
Batui*n  and  Jupiter  having  equal  moments  near  the  upper  nebular,  or 
vector*radii ;  Saturn  and  Cranus  having  (qual  momenta  with  refertnce  to 
Jupiter^  in  the  primitive  arrangement  of  nncleat  points;  and  Jupiter 
balancing  Sun,  iu  a  linear  pendulum,  of  which  the  j^ometritml  mean 
planetary  rotation  mdius  represents  a  centre  of  iHciU^tloo,  and  Suu^s 
surface  rapresents  bi>lh  a  centre  of  suspenHlon  and  a  fnlerufu. 

The  iiiKt  break  iu  the  Jovian  belt  appears  to  have  separated  the  three 
outer  planets  from  Jupiter,  the  ma^is  of  Jupiter  being  such  as  to  give  the 
same  moment  of  inertia  at  a  centre  of  spherical  gyration  ati  the  remain- 
irijj  niass  would  have  at  the  corresponding  sphericjil  surface.  The  outer 
lielt  .subdivided  in  such  manner  that  its  middle  planetary  moment  was 
determined  by  Saturui  while  Saturn's  was  determined  by  Sun^  the  mo- 
fnsnttim  de]ietjdlng  on  Sud^  Jupiter,  and  Haturn,  aa  already  stated^  The 
equality  of  the  Haturnianand  Neptunian  roiation-moments  completed  the 
harmony  of  Chladni  aggregation. 
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Accordin);^  to  the  latest  estim  ites*  the  mjisses  of  the  four  extetior 
planets,  takiag  Sun  as  the  unit,  are 

Jupiter 0009543269        Uranus 0000454545 

Saturn 0002855837        Neptune 0000507614 

the  agcrregate  being  .0013361265.  The  distribution  of  the  aggregate,  ac- 
cording to  the  hypothesis  here  given,  involved  the  following  steps : — 
1.  The  square  of  the  radius  of  spherical  gyration  being  .4,  in  order  that 
mr^  may  equal  m,ri'  the  masses  must  vary  inversely  as  the  square  of 
radius.  This  gives  .0009543761  for  Jupiter,  and  .0003817504  for  Saturn, 
Uranus,  and  Neptune.  2.  Taking  Saturn  and  Neptune  as  secondary 
centres  of  rotation  for  the  remaining  mass,  and  taking  a  nodal  division 
midway  between  Saturn  and  Uranus,  the  Saturnian  rotation-radius 
=  7.1402  solar  radii,  the  Neptuue-Uranian  radius  =  21.1508,  and  the 
misses  varying  invei-sely  as  radius,  we  obtain  .0002854019  for  Saturn  and 
.0000963485  for  Uranus  and  Neptune^  3.  The  equal  moments  of  Neptune 
and  Saturn  requiring  that  their  masses  should  be  inversely  as  the  squares 

of  their  rotation-radii,  Neptune  =    f  ^''^^-]  ^x  Saturn  =  .0000510257, 

^  L   49.0188  J 

leaving  for  Uranus  .0000453228.    The  closeness  of  coincidence  is  shown 

below  : 

,  Theoretical. 

9543761 

2854019 

453228 

510257 


Jupiter 

S 

Saturn 

1 

Uranus 

Neptune 

Neptune  X  49.0168' 

Saturn      X  20.7258' 

Jupiter    X    5.2028* 

Saturn     X    9.5389' 

Uranus    X  48.1005 

Saturn     X    7-5715 

Sun          -t-  S  Jupiter's  r. 

vec 

Planetary  Mass 

Uranus    X  2.t 

Saturn 

Neptune  Xi/ 32 

Saturn 

(T-A)  ^  A. 
-f  .00005 
— .00064 
—  .00289 
-f  .00521 
Theoretical 
Equality. 


Aotu&l. 

9543269 

2855837 

454545 

507614 

.12196 ) 

.12267) 

.025833  ) 

.025985  i 

.0021891 )  ,c 

.0021626  i 
.0013418316 )  ,, 

.0013421925  i 
.0002856  ^ 
.0002856  / 
.0002872  1 
.0002856  / 

I  published  the  second  theoretical  equality  in  the  13th  Volume  of  the 
Proceedings  of  the  American  Philosophical  Society  (p.  141),  without 
knowing  that  it  had  ever  been  previously  noticed,  but  I  find,  from  Prof. 
Alexander's  racent  Memoir,!  that  he  announced  it  to  the  American  Asso- 
ciation, at  its  Monti*eal  Meeting,  in  1857.  The  other  nine  accordances 
I  think  are  entirely  new.  The  last  three  introduce  the  following  con- 
siderations : 

1.  If  the  aggregate  planetary  mass  were  at  Jupiter's  centre  of  linear 
oscillation,  the  centre  of  gravity  of  the  system  would  be  at  Sun's  surface. 

*  For  aathoritles,  see  Alexander's  *'  Statement  and  Exposition/'  p.  3. 
t  Op.  oit.,  p.  88 
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2»  Uniiiiis  ii  to  Batum,  as  the  tiiiic  of  describing  mdias  in  a  eircular 

orbit  is  to  the  time  of  orbital  revolution, 

3.  Keptune  ts  to  Saturn^  »8  tho  time  of  de&cribiog  radius  in  direct  full 
to  Ibe  centre  is  to  the  time  of  orbita)  revolution, 

"While  thua  using  the  convenieut  language  of  the  nebular  hypotheMfi,  1 
have  looked  merely  to  the  known  laws  of  centripetal  and  centiifngal 
foroea  which  are  now  opera,tive,  without  feeling  bound  by  any  ^i^ccisl 
theory.  Whether  planetary  aggregation  has  gpiung  from  ga^erius  or 
vaporous  clouds,  or  fri»m  meteoric  falU  or  from  explosive  nucieal  action, 
or  from  all  combined^  is  immaterial ;  in  any  case  the  equilibrating  forced 
would  be  called  into  play,  and,  if  they  act  through  the  iuteTventiau  of  an 
elastic  meiHutn^  the  law  of  harm  on  ic  differences  should  be  traceable  in 
any  rcE^ulting  arraugeinent.  "Subaidcntje,  and  the  central  aggregation 
eouiequent  on  subsidence*  may  go  on  quite  aa  well  among  a  multitude  of 
discrete  bodies  under  the  influence  of  mutual  attraction,  and  feeble  or 
partially  oppoaing  projectile  motions,  as  among  the  particles  of  a  gaseous 
fluid."* 

Among  the  most  important  consequences  of  such  confiervation  of  force 
as  is  indicated  by  the  gravity-potential  and  its  relation  to  light- velocity, 
may  j^rhaps  be  reckoned  the  provision  which  they  seem  to  involve  for  the 
perpetuatit'u  of  physical  activity.  In  the  oommon  interpretatiouB  of  the 
nehtilar  hypathesia  and  of  most  of  the  modern  thermodynamic  theories, 
cnntinual  contractton  and  heat-radiation  have  been  supposed  to  tend 
towards  ultimato  staguatiou  and  universal  death.  In  the  almost  ex- 
elusive  regard  which  has  been  paid  to  centripetal  influences,  the  increasing 
energy  of  the  centrifugal  force  and  its  final  preponderance  have  both  been 
overl*>olced.  To  this  general  bias  of  speculative  thought  Prof,  Alexander 
furnishes  a  weij;hty  exoeptitia.  In  his  Note  on  the  origin  of  clusters  and 
nebulae,  he  refers  to  appearances  "  as  if,  when  they  were  released  from 
superincumbent  pressure,  by  the  rupture  of  the  outer  portions  of  the 
spheroid,  or  other  primitive  form,  their  feeble  central  attraction  eouhl  no 
longer  preserve  them  in  form;  and  so  their  centres  are  always  broken  up,''f 
In  illustration  of  the  alternating  destructive  and  conservative  cliangea, 
he  closes  the  Note  with  the  following  words  : 

**  For  the  growing  leaf  is  fed  by  the  exhalations  which  it  finds  in  the 
atmosphere  ;  and  the  leaf,  in  itB  decay »  nourishes  the  vegetating  tree  ; 
the  root«  of  that  tree  are  embedded  in  the  debrt^  of  a  comparatively  un- 
eient  earth ;  tlie  earth  itiielf,  in  view  of  the  nebular  hypothesis  (of  La- 
place), has  been  detached  from  the  sun;  and  the  sun  and  other  stars 
would  now  seem  to  be  but  the  comparatively  small  fi-agments  or  drops  of 
greater  masses :  tho  one  great  i>lan  pervading  the  irhole^  beings  bt  meanb 

^OF  A  PERMITTED  DESTUUrTJClJ*,  TO  FUtlVIUE  FOH  A  MORE  PE^RFECT  ADAP- 
TATION AHD  DETEtOPMEKT," 

•Hofflchfll,  DutUncBOf  Astrononiy,  f  871, 

t  Op.  elt.  p.  92, 
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METEOROLOGICAL  OBSERVATIONS  TAKEN  ON  THE  NILE 
BETWEEN  CAIRO  AND  THE  FIRST  CATARACT,  DURING 
JANUARY  AND  FEBRUARY,  1873. 

By  Lieut. -Col.  R.  S.  Williamson, 

ViriTED  STATES  CORPS  OF  BITOINEKRS. 

{Read  before  the  American  Philotophical  Society^  September  17,  1875.) 

San  Francisco,  Cal.,  July  26,  1875. 
To  the  Secretary  of  the  American  Philosophical  Society  : 
Dbar  Sir  : 

I  send  you  two  sheets  of  Meteorological  Observations  which  I  made' 
during  January  and  February,  1873,  on  the  Nile,  thinking  that  they 
might  be  considered  of  sufficient  interest  to  find  a  place  among  the  printed 
Proceedings  of  the  American  Pbilosophicsil  Society. 

While  the  general  character  of  the  climate  of  that  country  is  well 
known,  I  have  not  heard  of  there  having  been  published  any  regular 
series  of  observations  of  the  wet  bulb  from  there  ;  and  the  large  number 
of  tourists  who  annually  visit  that  river,  the  majority  of  whom  are 
Americans,  makes  facts  concerning  it  of  more  than  usual  interest. 

I  had  had  made  in  Cairo,  before  starting  up  the  river,  a  box  two  feet 
square,  four  sides  of  which  were  of  lattice  bliuds,  so  that  the  instruments, 
when  suspended  in  it,  were  perfectly  protected  from  the  direct  rays  of  the 
sun,  while  the  wind  passed  freely  through  it.  One  side  of  the  box  was  pro- 
vided with  double  doors,  one  or  both  of  which  could  be  opened  or  closed 
at  pleasure.  The  box  was  placed  on  a  table  on  the  upper  deck  of  the 
boat,  and  securely  fastened  to  it.  The  bulbs  were  about  ten  feet  from 
the  watsr.  Usually  there  was  an  awning  above.  From  frequent  experi- 
ments I  found  chat  there  was  no  difference  between  the  readings  of  the 
instruments  when  the  doors  of  the  box  were  open  or  closed. 

The  principal  instruments  were  two  sensitive  identical  Thermometers, 
which  read  alike  when  the  bulbs  were  dry.  They  were  made  by  James 
Green,  of  New  York,  and  were  of  the  best  construction.  There  was  also 
a  minimum  Thermometer,  but  not  of  so  nice  a  construction. 

The  reductions  were  made  by  means  of  the  tables  in  Profession  Papers 
of  the  Corps  of  Engineers,  No.  15,  a  copy  of  which  is  in  the  library  of  the 
Society. 

The  boat  went  up  the  river  as  far  as  Assouan,  at  the  foot  of  the  first 
Cataract,  and  six  degrees  of  latitude  south  from  Caiix),  and  returned. 

Yours  very  truly, 

R.  S.  WILLIAMSON, 
Lieut.-Col.  United  States  Engineers 
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ON   QLACIiL  DEPOSITS  AT  WEST  FHILADELPIIIA. 

(WITH  A  MA^,) 
Bt  CnARLF^  E.   lUtL. 

(  Etftd  hffore  the  American  Fhilatopltieal  Sowip,  Xffvimhir^f  1875*) 

tn  ^  precetliiig  paper  on  GIs^iaI  Deposits  Id  Carbon,  Naribampton,  and 
Monroe  CoiioUt^T  published  in  the  Procegdingi  of  tbe  PbikH-HjpMcal  ^o- 
cietjj  I  proved  that  the  glaciers  piiBsed  tbraugb  Ibe  gs^ps  of  the  Kitta^ 
tinny  Mountain  and  fonuwed  »otDowbat  the  cuui'fiea  of  Ibe  pre^ot  tirer 
beda,  al  all  eventi  toward  tbe  cloHe  of  tbeir  existenoe. 

Tbe  sodthem  bonodary  of  the  OUciers  Is  a  question  which  will  require 
much  careful  study  to  cteteriniue.  It  U,  however,  probable  th*tt  they 
reached  much  further  south  than  generally  supp^ised^  and  il  would  scarce- 
ly be  probable  that  a  mass  of  ioe^  great  enough  to  pass  orer  the  hij^bost 
ranges  of  the  WhltCt  Green^  and  Adirondack  Mouutaiu;',  to  suddenly  end 
at  BO  short  a  distance  as  the  Blue,  or  Kitta tinny  Mountain. 

I  will  take  this  opportunity  to  speak  of  the  double  systetns  of  Glaeiiil 
scratches  so  plainly  marked  in  the  more  northern  countr^^  I  bave  ob* 
served  on  the  f^hores  of  Lake  Champlain,  the  polii^lied  surfaces  iudicatiag 
a  movement  of  the  ice  in  a  line  nearly  parallel  to  the  lake,  or  a  aoutli- 
erly  movement,  while  a  few  miles  hack  from  the  lake,  many  of  the 
ralleys  are  crossed  hy  moFaiucs^,  which  indicate  Glaciers  miiviti^  id  an 
easterly  and  Houth-easterly  direction  towards  the  lake,  and  polished 
surfaces  and  ttcratcbcs  indicating  the  Mame.  I  concluded  from  this  that 
one  system  of  scratches  indicate  the  course  of  the  moving  ice  when  It 
was  so  great  as  not  to  bo  inBuenced  by  the  topographical  features  of  the 
eountry.  And  tbe  second  system,  formed  after  the  mass  had  &o  melted 
away  that  It  followed  the  depression!*  of  the  surface. 

It  is  my  object,  in  the  foDowint^,  to  show  that  we  have  Glacial  deposits 
within  the  limits  of  the  City  of  Philadelphia.  Since  my  residence  in  this 
City  the  tilt tt rial  deposit  has  occupied  my  attention.  It  is iHjmptised  of 
sand,  rounded  quartz  pebbles,  and  gravel,  of  sandstone  and  congkimerat^. 
It  varies  in  depth  from  two  and  three  feet  totwenty^lve.  Intermingled 
with  the  rounded  quartz  pebbles^  are  found  everywhere,  angular  pieces 
of  softer  sand, stone,  as  Medina  and  New  Bed,  which  would  neot ssftrily 
have  been  worn  into  rounded  pebbles  and  sand  had  they  been  associated 
with  tbe  quarts^  when  if  was  being  formed  iuto  pebliles*  Tbe  conctnslon 
I  therefore  come  to  in  thif^  that  the  quartz  pebbles  of  this  region^  perbaps 
nlbo,  of  tbe  Atlantic  coa^t,  is  the  debris  from  the  decomposition  and  disin- 
tegration of  the  older  rocks  as  the  Oneida  conglomerate,  cosi  conglomer- 
ate, etc,  and  brought  here  principally  by  the  ice  and  water  of 
Glacial  time.  About  the  firsi;  of  October,  I  made  the  first  critical 
eatamiuatiotx  of  tbe  laud  lying  between  Spruce  and  Walnut  struels 
and  west  of  Forty-flftb  street,  where  the  sand  and  gravel  has  bsen  ex- 
o^vated  to,  or  witbin  a  short  diatanec  of  the  bed-rock,     llsre  are  exposed 
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many  large  angular  and  rounded  blocks  of  Oneida  conglomerate,  Me- 
dina sandstone  and  probably  Clinton  and  Oriskany  sandstone.  These 
blocks  vary  from  one  or  two  cubic  feet  to  twenty- live,  many  of  them  still 
preserving  their  sharp  angles ;  on  several  blocks  I  could  clearly  define 
Glacial  scratches. 

Flat  and  angular  boulders  which  I  have  observed  still  imbedded  in 
their  original  position,  are  lying  at  different  angles  to  the  horizon.  Toward 
the  lower  part  of  the  bed  of  sand,  gravel,  and  boulders,  I  have  noticed 
frequently  a  large  amount  of  angular  and  broken  bed-rock  or  mica  schist. 
A  few  boulders  of  Oneida  and  Medina  just  south  of  Pine  street  and  west 
of  Forty-fifth  street  were  also  observed.  The  average  line  of  deposit  of 
these  large  boulders  is  N.  42^  £.  or  at  right  angles  to  the  average  course 
of  the  Schuylkill  River. 

la  carrying  this  line  northeastward  it  crosses  another  similar  deposit 
between  the  tracks  forming  the  Y  at  the  junction  of  the  P.  C.  R.  R.  and 
N.  Y.  branch,  about  the  comer  of  Thirty-eighth  and  Hutton  streets, 
and  another  more  extensive  deposit  near  Thirty-eighth  street  and  Girard 
avenue.  The  excavation  is  now  going  on  near  Girard  avenue,  and  I  was 
enabled  to  see  many  of  the  larger  blocks  still  in  position  ;  the  average 
of  these  are  deposited  at  angles  to  the  honzon. 

Among  those  at  Thirty-eighth  and  Hutton  streets  are  blocks  of  Oneida 
conglomerate  and  Medina  sandstone.  Large  quantities  of  New  Red  sand- 
stone, and  a  few  blocks  of  trap  rock  were  also  observed.  From  all  these 
evidences  I  have  concluded  that  this  belt  of  drift  deposit  is  no  other  than 
a  Glacial  moraine,  formed  by  the  Schuylkill  Glacier  receding  from  the 
site  of  the  City.  It  is  vei-y  possible  that  we  have  here  a  complicated  system 
of  moraines  formed  as  the  scratches  in  the  North  by  the  ice  at  different 
stages  of  its  existence.  J.  H.  Harden,  M.E.,  procured  some  specimens  of 
conglomeratic  sandrock,  with  casts  of  Spirifer  which  I  have  been  unable  to 
determine.  Mr.  J.  C.  Smith  afterward  obtained  a  specimen  of  Oriskany 
sandstone  with  Spirifer  arenosu 9,  from  a  deposit  west  of  Forty-fifth  street 
and  north  of  Walnut. 

I  am  indebted  to  Mr.  J.  H.  and  E.  B.  Harden  for  the  accompanying  map, 
on  which  they  have  carefully  located  all  the  principal  boulders  observed 
in  the  locality  first  mentioned.  One  fact  I  will  add  is,  tliat  the  surface 
of  the  gneiss  where  laid  bare  is  comparatively  smooth,  and  shows  evidence 
of  having  been  polished,  though  so  soft  as  not  to  retain  the  marks  of 
Glaciation. 
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Slated  3tteting^  Jum  18M,  1875. 

Present,  17  niemberB, 

Vica-Presidcnt,  Mr,  Fralev,  in  the  Chair. 

Letters  of  ackiiowledgHKnit  were  received  from  tho  R»  R 
ZooK  Bnt.  Gegelkchaa,  Vienna  (XV,  i,  90,  91) ;  the  R  Bel- 
gian Academy  (XV,  i,  89, 90, 01) ;  the  Imp*  Austrian  Acad., 
{XV,  i,  90,  91) ;  the  N.  J.  Hist,  S.,  (94). 

Postal  card  acknowledgmentR  of  the  reception  of  No.  94 
of  t)je  Proceedings,  Jaimarj — ^June,  1875,  just  published  and 
distributed,  were  received  from  the  University  of  Toronto, 
Canada;  J,  B.  Francis,  LowelU  Mass.;  Buffalo  Social  Science 
Ass, ;  V,  S,  Hospital,  N.  V,;  Astor  Library;  Acad,  of  Science, 
St.  Louis;  Chicago  Hitftorical  Soc,  Maine  Historical  8.; 
and  from  the  following  membci^ :  S.  Alexander,  Prince- 
ton, N,  J. ;  D,  G.  Englenian,  3003  Locust  Street,  St.  Louis ; 
J,  S.  Haines,  Haines  Street,  Gcrmantown,  Philadelphia; 
Charles  Hale,  22  Ashbnrton  Place,  Boston,  Mas8. ;  G  H, 
Hitchcock,  Hanover,  N,  JL;  W.  C.  Kerr,  Raleigh,  N.  C; 
Leo  Lct^qnereux,  CoUimhuB,  Ohio  ;  Walter  M.  Lowrie,  Mead- 
ville^  Pa. ;  J.  S.  Newberry,  Columbia  College,  N,  Y,;  Robert 
Peter,  M.  D,,  Lexington,  ITy.;  The<:i.  tl  Porter,  Eai^ton,  Pa,; 
P.  W,  Sheafer,  Potoville,  Pa.;  Ch,  M.  Wheatly,  Phienix^ 
ville^Pa, 

Postal  cards  acknowledging  the  receipt  of  cojiies  of  Part 
2,  VoU  XV,  Tninsaetions,  just  publis^lied  and  distril>utedj 
were  received  from  Mn  Wheiitly;  the  New  York  Hospital, 
8  West  Sixteenth  Street,  N-  Y.;  West  Point  Academy  ; 
Astor  Library ;  and  New  Jersey  Hist,  Soc ,  Newark, 

Letters  of  envoy  were  received  from  the  Academies  at 
Vienna  and  Brus£«ek ;  the  Board  of  Commissioners  of  the 
Second  Geological  Survey  of  Pennsylvania;  and  Mrs.  Caro- 
line K  G,  Peale,  bestowing  ui»on  the  Society's  LibiTiry  a 
number  of  elegantly  bound  volumes  of  ethnological  me- 
moirs and  works  from  the  library  of  the  late  Mr,  Fmnklin 
Peale. 

A*  F,  8.— VOL,  XIV,  4d  ^ 
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Other  donations  for  the  library  were  received  from  the 
Academy  and  Observatory  at  St.  Petersburg;  the  Prussian 
Academy  ;  German  Geol.  Society;  Austrian  Academy,  and 
Zoo.  Bot.  Society  ;  the  Frankfurt  Zool.  Garden;  the  Physical 
Societies  at  Geneva  and  Bordeaux ;  Geographical  Society ; 
Anthropolog.  Society,  Annales  des  Mines,  and  Revue  Poli- 
tique at  Paris;  the  R.  Inst,  of  Luxembourg;  the  Belgian 
Academy  and  Observatory ;  the  Congrfes  Internationale  de 
Statistique ;  the  Royal,  R.  A.stro.,  and  R.  Geog.  Societies  at 
London ;  Nature ;  American  Academy  at  Boston ;  Silli- 
man's  Journal ;  American  Chemist ;  Mr.  Josiah  P.  Cooke  of 
Boston ;  the  Medical  News  ;  Journal  of  Pharmacy  ;  Penn 
Monthly,  and  Water  Department  of  Philadelphia;  the  Com- 
missioners of  the  Second  Geological  Survey  of  Pa.,  Harris- 
burg;  the  United  States  Engineer  Department ;  Coast  Sur- 
vey ;  Pea  body  Institute,  Baltimore ;  and  the  Zoological 
Society,  Philadelphia. 

On  motion,  Mr.  Roberts  asked  to  be  relieved  from  the  duty 
of  preparing  an  obituary  notice  of  the  late  member,  Mr. 
John  Henry  Towne,  and  that  Prof.  Lesley  be  substituted  in 
his  place ;  which,  on  motion,  was  so  ordered. 

A  communication  "  on  the  Geological  relations  of  the 
Lignitic  Groups,"  by  J.  J.  Stevenson,  was  read  by  the  Sec- 
retary. 

Prof.  Cope  read  a  communication  on  an  exploration  of 
Architectural  Remains  on  and  near  the  Eocene  Plateau  of 
Northwestern  New  Mexico. 

Dr.  Genth  communicated  the  corrections  of  an  error  in 
his  recent  paper  On  Tellurian  Minerals,  and  announced  some 
novel  and  interesting  indications  recently  found  by  him  in 
some  of  the  minerals  there  described. 

Dr.  Cresson  read  a  communication  on  the  influence  of 
magnetic  forces  upon  iron  and  steel  under  strain. 

Prof.  Chase  made  some  remarks  in  continuation  of  the 
subject  of  Dr.  Cresson's  paper. 

Dr.  Cresson  offered  the  following  resolution  which  was 
unanimously  adopted. 
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Hesdmd,  Tlint  the  thanks  of  the  Societj'-  he  presented  to 
Mrs.  CaroHtie  E.  G.  Peale,  for  her  liheral  and  welcome  con* 
trihiition  to  the  library  of  the  Society  of  books  beloiigiii^j 
to  her  late  husband,  Mr*  Franklin  Paile- 

Mr.  Roberts  called  the  meinbem' attention  to  the  improve- 
ments that  had  been  made  by  the  Hall  Committee. 

Pending  nominations  780,  Til,  782,  ^ei-c  read. 

And  the  meeting  waa  adjourned. 


SMed  3ffeUng,  Jidij  Uth,  1875. 

Present,  3  members. 
Dr.  C.  M.  Ckbsson,  m  the  Chair. 

A  letter  was  received  from  Dr.  IX  Kemird^  V.  P.  Soc. 
Nat.,  Moscow,  June  19th,  1875,  concerning  the  *<emi-oenten- 
nial  of  the  doctorate  of  M,  Alex,  Fiscber  de  Waldhtiim, 
Pmft,  8»  N*  M,,  which,  on  motion,  was  referred  to  the  Board 
of  Officers. 

A  letter  was  received  from  Mr.  Edward  Thornion,  British 
Ambassador  at  Wasbington,  June  30,  1875,  rt^i^fiecting  the 
next  Albert  Medal  of  the  Society  of  Arts,  which,  on  motion 
was  referred  to  the  Board  of  Officers* 

Letters  acknowledging  receiitt  of  Proceedings  No,  94  were 
received  from  Col.  Williamson,  San  Francisco ;  tbe  Ifew 
York  Historical,  and  78  otlier  Societies  and  memberSj  by 
postal  cards  returned  and  signed. 

Acknowledgments  of  the  receipt  of  the  Transactions,  Vol 
XV',  part  2,  were  received  from  the  New  York  Hist.  Soc.  by 
letter,  and  22  other  Societies  and  snbscrihere,  by  postal 
cards, 

AckTiowledgments  of  the  receipt  of  packages  of  back 
Proceedings,  due  since  election,  were  received  from  Col.  WiU 
ruunson,  (81  to  92) ;  Prof.  Traill  Green  (81  to  92) ;  Miss  Maria 
Mitchell  (81  to  92);  Prof-  C.  H.Hitchcock  (81  to 82);  Prof. 
Trowbridge  (86  to  92) ;  Mr.  Dupont  (86  to  92);  Prof.  Abbe 
(86  to  92) ;  Vvol  Kerr  (86  to  92) ;  Mr,  Haupt  (86  to  92) ;  Br. 
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Peter  (86  to  92) ;  and  Mr.  Rothermel  (92) ;  the  Providence 
Franklin  Society  (93);  Philadelphia  Jfumismatic  Society 
(93),  and  Prof.  Henrj^  (93). 

Donations  for  the  Library  were  received  from  the  Ob- 
servatories at  St.  Petersburgh  and  Barcelona ;  the  Academy 
at  Berlin ;  the  Met.  Inst,  at  Vienna ;  J.  Korosi,  of  Pesth  ; 
the  Society  at  Bremen ;  Nouvelles  M^t.  and  Revue  Politique 
at  Paris;  R.  S.  at  Tasmania;  Astron.  Geog.  and  Chem. 
Societies  at  London  ;.  Victoria  Institute  ;  Nature;  Essex  Insti- 
tute ;  Boston  S.  N.  H.;  U.  S.  Postal  Guide ;  Am.  Journal  Sci- 
ence and  Art ;  Yale  College ;  New  York  Lyceum  N.  H.;  As- 
tor  Library ;  Philadelphia  Academy  Natural  Sciences ; 
Franklin  Inst.;  American  Journal  Medical  Sciences;  News 
and  Library  ;  Journal  of  Pharmacy ;  Penn  MoMhly ;  U.  S. 
Engineer  Department,  and  the  St.  Louis  Western. 

The  death  of  Sir  W.  E.  Logan  at  London,  June  28th, 
1875.  age  77,  was  announced  by  the  Secretary. 

Dr.  Cresson  communicated  the  result  of  further  experi- 
ments on  the  influence  of  magnetic  force  on  the  tensile 
strenscth  of  iron  and  steel.  He  announced  the  fact  as  new 
that  in  the  aerial  magnet,  or  zone  of  magnetism  in  the  empty 
space  within  the  coil,  there  is  a  considerable  elevation  of 
temperature. 

Prof.  Lesley  communicated  the  recent  discovery  by  Mr. 
Ashburner,  aid  on  the  survey  of  the  State,  that  the  White 
Catskill  (Vespertine  Sandstone  of  Mr.  Rogers)  No.  X  is  a 
true  coal-measure  formation,  19  distinct  coal  beds  hav- 
ing been  counted,  one  of  which  is  one  foot  thick  and  ap- 
pears to  be  persistent,  for  a  similar  bed  outcrops  in  a  gap  a 
few  miles  distant.  These  beds  were  cut  in  the  tunnel  of 
the  East  Broad  Top  Railroad  through  Sideling  Hill  in  Hun- 
tingdon County,  Pennsylvania.  This  discovery  explains  the 
Peak  Mountain  coal-measures  below  the  red  shale  in  Wythe 
•County,  Virginia,  as  well  as  the  presence  of  coal-beds  in  the 
Upper  Devonian  on  the  Potomac,  and  of  coal-beds  about 
700  feet  below  the  Millstone  Grit  (conglomerate  No.  XII) 
in  the  Allegheny  mountain  ravines  back  of  Tipton  and  Ty- 
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vone  in  Blair  County,  Peinisylvaiiia.  It  has  nothing  to  do 
with  the  still  older  coal  measureia  iu  the  Lower  Devoniau  on 
the  Jimiiita  river  in  IVrry  CV>mity,  Penissylvatiia. 

On  motion,  the  Laws  of  the  Soeiety  were  unlered  to  be 
re-printed. 

Pending  nominations  Nos.  780,  78L  7S2,  and  new  nomi- 
nation 783,  were  read.  On  motionn^  No,  781  wa.^  jMr>6tiK>ned  on 
account  of  the  ahsence  of  nominees,  Ko^.  780^  782  were 
hul lotted  for,  and  the  following  were  decUred  duly  elected 
meniliers  of  the  Hoeiety : 

Br,  Thomas  \L  Drown,  Profe&flor  of  Chemititry  in  Lafay- 
ette College,  Euston,  Pa. 

John  L.  Campbell,  LL.IX,  Professor  of  Mathematics  in 
Wabash  University,  Indiana,  and  Secretary  of  the  United 
States  Centennial  Commission, 

And  the  meeting  was  adjourned. 


Slated  Meeilnff,  August  20th,  1875. 

Present,  8  members, 

Viee-Preeident.  Mr.  Fkalet,  in  the  Chain 

The  death  of  the  Hon.  Horace  Binne^^  the  oldest  member 
oi  the  Society,  and  the  oldest  and  only  surviving  graduate 
of  Harvard  College  of  the  last  century,  at  his  residence,  in 
Fourth  street,  Philadelphia.  August  10, 1875,  aged  95  years, 
\ym  announced  by  Mr  Fmley, 

The  death  of  Mr,  William  K  Whitman,  in  Philadelphia, 
Auu:]i?!t  27th,  18755  *ig<^d  74  yeanj,  was  announced  by  Mr. 
Fraley, 

On  motion.  Judge  Hare  was  appointed  to  prepare  an 
obituary  notice  of  Mr.  Binney- 

On  motion,  Mr,  Ed.  E.  Law  was  appointed  to  pre^iare  an 
obituary  notice  of  Mr.  Wliitman. 

Mr.  O.ibli  pre.-ientorl  a  eonimuuication  On  the  Indian  Tribes 
and  Liinguaires  of  Cmta  Rica. 


640 

Dr.  Konig  read  a  paper  On  the  occurrence  of  Perowskite 
at  Magnet  Cove,  Arkansas. 

Mr.  Chase  communicated  notes  on  the  Signal  Service 
weather  maps,  and  on  newly-discovered  planetary  harmo- 
nies. 

The  minutes  of  the  last  meeting  of  the  Board  of  officers 
and  members  in  council  were  read. 

Nominations  Nos.  781  and  783  were  read. 

Mr.  Fraley  announced  that  he  had  received  the  quarterly 
interest  on  the  Michaux  legacy,  due  July  1st,  last. 

The  meeting  was  then  adjourned. 


Stated  Meeting^  September  17^A,  1875. 

Present,  15  members. 

Vice-President,  Mr.  Fraley,  in  the  Chair. 

Letters  accepting  membership  were  received  from  Dr. 
Thomas  M.  Drown,  Lafayette  College,  Easton,  Pa.,  July  23d, 
and  Prof.  J.  L.  Campbell,  Centennial  rooms,  Philadelphia, 
July  31st,  and  a  carte-de-visite  from  Mr.  Birch,  in  a  letter 
from  the  British  Museum,  London. 

Letters  of  acknowledgment  were  received  from  the  R.  A. 
d.  Lincei,  Rome,  Dec.  8  (XV,  i,  90,  91) ;  the  New  York 
Hist.  Soc,  June  18th  (XV,  ii,  94);  the  U.  S.  Naval  Obs., 
VVashington,  July  2id  (XV,  ii);  the  Victoria  Institute, 
London,  July  6th  (93)  ;  the  Statistical  Society,  London, 
July  19th  (93);  the  Leeds  Philos.  and  Lit.  Society,  July 
14th  (93) ;  the  Society  of  Antiquaries,  London,  August  4th 
(93) ;  the  R.  A.S.,  Lisbon,  July  22d  (XV,  i,  90,  91, 93)  ;  the 
N.  H.  S.,  Northumberland,  New-Castle-on-Tyne,  August 
31st  (94) ;  the  R.  Geog.  Society,  London,  July  20th  (62,  88, 
93  to  complete  its  set) ;  the  Verein  fiir  Vaterl.  Naturkunde 
at  Stuttgart,  Nov.  24th,  1874  (92,  93).  Dr.  Krauss 
librarian,  writes  that  a  complete  set  can  be  sent  only  in  ex- 
change for  a  complete  set. 
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Postal  card  acknowloclgmeuts  of  the  receipt  of  Proceed- 
ings were  received  from  Mr*  Birch,  London  (81  to  91),  and 
from  vanaiia  correspond ing  Societies  and  nicniberg, 

A  letter  of  envoy  was  received  from  the  Nctherknd  Bo- 
tanical Associatioti,  per  Mr,  W,  Hunter^  Ass,  Sec,  Dep.  State, 
Washington,  Aug  net  4th,  1S75. 

A  postal  card  cii'cular  was  received  from  the  Society  of 
Biblical  Archreology,  London- 

DonatiouB  for  the  Library  were  received  from  the  Acade- 
mies at  Berlin,  Copeiihageii,  and  Brussels  ;  the  (Geographical 
Society  at  Paris;  Revne  Politique;  MM,  Tabbe  Ducroix 
and  Arceliii,  at  Macon:  Nouvelles  Mfetfjoroh>giques ;  San 
Fernando  N,  Observatory;  Meteor.  Office;  London  Nature  ; 
Rev,  0,  Fisher,  of  Cambridge,  England  ;  Slllinian  8  Journal  ; 
Prof.  R.  Pumpellj;  Prof.  0.  C.  Mai'sh;  Prot;  E,  B.  Coj^e ; 
Dr.  J,  S.  Newberry  ;  Prof  K  B.  Andrews;  Prof.  E.T,  Cox  ; 
Boston  N.  11.  S, ;  Franklin  Institute*;  Journal  of  Phar- 
macy; Penn  Monthly;  M.  H.  Y.  Louderbach;  Medical 
News  J  Mr.  Trantwine;  Dr.  Ellicntt  Cowes;  American 
Cheniiet;  Buffalo  Nat.  Ili^t,  Society;  Argentine  Observa- 
tory and  Meteorological  Office ;  and  tmni  the  University  of 
Qilifornia* 

Lieut*  Cob  R.  S.  Williamson  communicated  by  letter, 
dated  San  Frant-jsco,  July  16tlj, Meteorological  Oi>servatioiis 
taken  by  himself  on  the  Nile  during  Jaimary  and  Febru- 
ary, 1873. 

Mr.  Chas  E.  llaH  communicated,  through  the  Secretary, 
Notes  on  Glacial  action  along  the  Kittauningor  Blue  Moun- 
tain^  in  Carbon,  Northampton,  and  Monix)©  Counties^  Peiur 
aylvania. 

IVof.  I*.  E.  Chase  read  a  communication  On  the  beginnings 
of  J)evelopment. 

Prof.  Sad  tier  communicated  his  recent  nisearuhes  in  the 
lahoiTitory  of  the  University  On  the  Molecular  Structure  of 
Glyceric'  acid. 

Mr.  jiriggs  expressed  certain  fundamental  views  in  Me- 
teorology, and  announced  his  intention  of  communicatiMg at 
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a  proper  time  the  results  of  exact  calculations  of  the  influ- 
ence of  evaporation  on  the  circulation  of  the  atmosphere 
and  the  production  of  storms. 

The  minutes  of  the  last  stated  and  special  meetings  of  the 
Board  of  Oflicers  and  Council  were  read. 

Pending  nominations  Nos.  781  and  783  and  new  nomina 
tions  784  to  790  were  read. 

And  the  meeting  was  adjourned. 


Stated  Meeting^  October  \st^  1875. 

Present,  13  members. 

Secretary,  Dr.  Le  Conte,  in  the  Chair. 

Letters  of  acknowledgment  were  received  from  the  R. 
Observatory  at  Brussells,  August  9th  (93) ;  and  the  Rantoul 
Literary  Society  (94). 

Letters  of  envoy  were  received  from  the  Geological  Bu- 
reau of  Sweden,  October  27th,  1874 ;  the  Observatory  at 
Batavia,  June,  1872;  the  Meteorological  office,  London, 
August  and  September,  1875 ;  and  the  XJ.  S.  Department  of 
the  Interior. 

A  letter  was  received  from  the  B.  and  C.  Masonic  Acade- 
my, Milton,  Florida,  soliciting  books. 

A  letter  declining  his  appointment  to  prepare  an  obituary 
notice  of  Mr.  Whitman,  but  offering  assistance  to  any  one 
preparing  such  a  memoir,  was  received  from  Mr.  E.  E.  Law, 
Philadelphia,  September,  24th,  1875. 

Donations  to  the  Library  were  received  from  the  R.  and  I. 
Academies  at  St.  Petersburgh,  Copenhagen,  and  Berlin ;  the 
Geological  Societies  at  Vienna,  Berlin,  and  Dresden ;  the 
Geological  Bureau  at  Stockholm ;  the  Observatories  at  St. 
Petersburgh,  and  Batavia;  the  Societies  at  Ulm,  Bor- 
deaux, and  Batavia ;  the  Antiquarian  Societies  at  Copen- 
hagen and  Worcester ;  Herr  Riitimeyer  of  Basel ;  the  An- 
thropological Society  ;  Ecole  des  Mines,  Revue  Politique,  and 
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Nouvelles  Mfetfenrologifiues  at  Paris;  the  Loodon  Chemical 
ami  Gengmphii.-al  ^societies;  Viotoria  Iiistituto  anil  Natum; 
the  R.  Cornwall  Polytoeluiic  InstUute ;  tlie  L.  aud  IL  Society 
at  Quebec ;  Mr*  Piitriani,  of  Salem ;  Profi  H.  U,  Newton  ; 
ami  *Sillimiin*s  Journal ;  the  College  of  Phys^icianBaiid  Penn^ 
Monthly,  of  Philadelphia ;  llie  Loiibville  Printing  Honee 
for  tit e  Blind;  St.  Louis  Weetorn;  Mexican  G.  and  S>  So- 
ciety ;  and  the  SinithaoDian  Institute. 

The  death  of  Dr.  I.  A.  Laphani,  at  Milwaukee,  Septem- 
ber 4,  1875,  age  — ,  wan  aniiouueed  by  the  Secretary,  with 
remarks  by  Dr.  Le  Conte* 

On  motion,  Dr.  Brintoii  wa.^  ref]uested  to  learn  Iiy  corres- 
pondence with  Dr.  Philip  Valentini  of  Mexico,  more  fully, 
the  probable  value  of  his  menjoir  on  the  A/.tec  Calendar 
Stone.  Dr.  Brinton  commutncated  to  the  Society  the  fact 
of  Di\  Valentini's  new  interpretation  of  the  n^toae  in  a  his- 
torical sense ^  m  opposed  to  the  astronomical  interpretation 
of  lluraboldt,  Gallatin,  and  Ganm,  and  that  his  MSS,  would 
make  ahtmt  eighty  pages  of  the  Tninsactions,  with  illustra- 
tions; and  that  Dr.  Valentini  would  be  pleased  to  have  it 
snbnjitted  to  a  comraittee  of  examination* 

Pending  noniinatiotm  Kos,  78 1,  783  to  790,  ami  new 
nomination 5  No,  701,  w^re  read. 

And  thu  meeting  was  adjourned. 


Stated  Meeting,  Ocfoffer  Uth,  1875. 

Present,  17  members. 

Vice-President,  Mu.  Fualey,  in  the  Chair* 

Lettem  of  acknowledgment  were  received  froni  the 
Aeademia  dei  Lincei  at  Roniet  and  Linnamn  £?ociety,  Lon- 
don, August  25th,  (92,  93). 

Donations  for  the  Library  were  received  from  F.  W.  C, 
Tratibrd,of  Zurich;  the  French  Geographical  Society  and 
Revue  Politique ;  the  X^inna.ian  Society,  London  Nature, and 
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Meteorological  Committee;  the  Boston  Natural  History 
Society,  Industrial  Aid  Society,  and  the  Rev.  Jas.  F.  Clarke  ; 
the  New  York  Historical  Society  and  American  Chemist ; 
the  Mayor  of  Philadelphia,  Franklin  Institute,  Journal  of 
Pharmacy,  Medical  News  and  Journal ;  the  Historical  Society 
of  New  Jersey ;  and  the  Engineer  Department  of  the  United 
States  Army. 

A  letter  being  read  from  Judge  Clark  Hare  declining  to 
prepare  an  obituary  notice  of  Horace  Binney,  and  proffer- 
ing aid  to  any  one  preparing  such  a  notice,  it  was,  on  motion 
of  Mr.  E.  K.  Price, 

Resolved^  That  the  Society  concur  with  the  Philadelphia 
Bar  in  requesting  Judge  Wm.  Strong  to  prepare  an  obituary 
notice  of  the  late  Horace  Binney. 

On  motion,  Mr.  Edward  Hopper  was  requested  to  prepare 
an  obituary  notice  of  Mr.  Whitman. 

Prof.  Chase  communicated  an  additional  co-ordination  of 
the  ratio  of  heat  under  constant  pressure  to  heat  under  con- 
stant volume. 

Mr.  Lesley  gave  a  preliminary  notice  of  the  recent  discov- 
ery by  Mr.  Charles  E.  Hall,  of  sub-angular  blocks  of  large 
size,  lying  on  the  surface  and  in  gravel,  at  the  new  cutting 
of  Locust  Street  in  West  Philadelphia  beyond  Forty-fourth 
Street.  Some  of  these  blocks  seem  to  be  from  the  outcrops 
of  the  Laurentian  gneiss  at  Reading  or  Easton ;  others  of 
Oneida  Conglomerate  from  theDelaware  or  Schuylkill  water- 
gaps,  70  miles  distance ;  and  one  was  afterwards  found  by 
Mr.  J.  H.  Harden  of  the  University  of  Pennsylvania,  carry- 
ing hundreds  of  fossil  shells,  from  the  lowest  Devonian  out- 
crops a  few  miles  still  further  north. 

Mr.  Lesley  said  that  Prof.  Houpt,  of  the  University,  had 
kindly  promised  to  survey  the  locality  so  as  to  place  all  the 
data  on  record,  before  the  destruction  of  the  stones  by  the 
rapid  improvements  of  that  part  of  the  city  area,  and  when 
this  is  done  a  further  report  would  be  made  to  the  Society. 

If  we  are  to  look  on  these  blocks  as  moraine,  it  would  but 
extend  the  glacial  phenomena  recently  noticed  in  and  in 
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tmnt  of  the  Lohigh  and  Bekwai'e  Water^Oaiia,  m  far  south 
as  Alktitown,  over  the  South  Mountain,  and  across  the  Trias 
plain,  to  the  mouth  of  the  Schuylkill 

Mn  £.  K.  Price  suggested  the  possihifity  of  iceberg 
ciirrta^e,  and  should  prefer  that  explanation. 

Dr.  LeCouteeaid  that  the  agencies  wem  allied. 

Mr*  Lesley  replied  that  if  the  iceherg  was  broken  from 
the  glacier  as  it  pasised  through  the  gap&,  it  is  hard  to  see 
how  it  could  imsa  the  barrier  of  the  South  Mountain,  unless 
it  WHS  very  email  and  followed  substautialty  tlio  present 
river  valleys.  But  it  was  too  recent  a  discovery  to  justify 
macli  discussion* 

Ponding  nominatious  781,783  to  790  were  read,  discussed 
and  balloted  for. 

Pending  nominatioTj  791  was  again  i*ead. 

After  scrutiny  of  the  ballot  lioxes  the  following  gentle- 
men were  declared  duly  electeil  members  of  the  Society  : 

Dr*  Stephon  Smith,  of  Now  York,  President  of  the  Ameri- 
can Public  Ilciilth  Association. 

Mr.  Williaui  Blasius,  of  Philadelphia, 

Mr*  Gideon  R  Moore,  of  Jersey  City,  Chemist  of  the  Pas- 
saic Zinc  Works, 

Mr.  Fur  man  Sheppardj  District  Attorney  tor  the  City  of 
Philadelphia. 

Mr.  Russell  Thayer,  J n,  Superintendent  of  the  Fairmount 
Park,  I'liiladeli^hia, 

Mr.  G.  Clark  Maxwell,  F-RSi,  Professor  of  Experimental 
Physics,  Cambridge,  England. 

Mr  Charles  K  llall,  of  Philadelfihia,  Palaeontological 
Assistant  of  the  Second  Geological  Survey. 

Mn  John  Fp  Qirll^  of  Pleasantville,  Venango  County,  Pa., 
Assistant  on  ihe  Second  Qenlogical  Survey. 

Mn  Andrew  Sherwood,  of  Mansfield,  Tioga  County,  Pa., 
Assistant  on  the  Second  Geological  Survey. 

And  the  meeting  was  adjourned* 
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Stated  Meeting^  Noveniher  bth^  1875. 

Present,  12  membei's. 

Vice  President,  Mr.  Fraley,  in  the  Chair. 

Letters  accepting  membei-ship  were  received  from  Mr. 
Russell  Thayer,  dated  Fairmount  Park,  Phihi.,  Oct.  19th  ; 
from  Dr.  Stephen  Smith,  dated  Amer.  Pub.  Health  Associa- 
tion, New  York,  Oct.  20th  ;  Gideon  E.  Moore,  Ph.D.,  dated 
Passaic  Zinc  Works,  Jersey  City,  Oct.  21 ;  Wm.  Blasius, 
dated  Phila.,  Oct.  25th  ;  John  F.  Carll,  dated  Pleasantville, 
Oct.  27th,  and  Mr.  Furman  Sheppard,  Philad'a,  Oct.  28th, 
1875. 

A  letter  was  received  from  M.  Renard,  of  Moscow,  ac- 
knowledging the  letter  of  congratulation  voted  July  16th 

Letters  of  acknowledgment  were  received  from  the  R. 
Geog.  Society,  London,  Oct.  23d,  (Tr.  XV,  ii ;  94 :  wants  all 
Vol.  XIII  and  XV,  ii.) ;  Astronomical  Society,  London, 
(XV,  ii,  94) ;  R.  Observatory,  Greenwich,  Oct.  22  (94) ;  B. 
S.  N.  IL,  Oct.  25th  (XV,  i,  91,  92,  93). 

A  letter  asking  for  Proceedings  No.  88,  was  received  from 
the  Philosophical  Society  of  Glasgow. 

A  letter  concerning  that  part  of  the  will  of  the  late  Mrs. 
Caroline  E.  G.  Peale,  concerning  her  husband's  cabinet  of  an- 
tiquities, was  received  from  her  executor,  Mr.  Robert  Patter- 
son, and  at  a  subsequent  stage  of  the  proceedings,  was,  on 
motion,  referred  for  consideration  and  report  to  the  Curators. 

Donations  for  the  Library  were  received  from  the  R. 
Prussian  and  Belgian  Academies  ;  the  Societies  at  Lausanne 
and  Leyden ;  the  Geog.  Society,  Nouvelles  Met.  and  Revue 
Politique,  at  Paris ;  London  Nature ;  B.  S.  N.  H. ;  Mr.  Scud- 
der,  and  Mr.  Hyatt,  of  Boston ;  Penn  Monthly ;  American 
Journal  of  Pharmacy  ;  Smithsonian  Institute,  and  the  West- 
ern. 

The  death  of  Dr.  Kingston  Goddard,  at  his  residence  on 
Staten  Island,  Oct.  14,  aged  62,  was  announced  by  Mr. 
Fraley. 
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Mn  C.  E,  Hall  exhibited  specimens  imm  boulders  in  West 
Philadelphia,  and  epeciiiiens  from  ootcroiis  in  and  behind 
the  Blue  iKittanning)  Mountain,  to  enable  tlie  members  to 
compare  and  identity  them*  lie  exhibited,  also,  a  local  map 
on  which  eat-'h  boulder  was  exactly  placed  and  nuraberwli 
In  the  etdlectiiin  was  one  piet^o  of  trap,  and  several  of  Tria^ 
sandgtont',  Tlic  rcBt  were  Oneida  conglomerate,  and  Oris- 
kany  sandstone  fcotigloinerate).  Mr*  Hall  expressed  his 
eonviftioii  that  most  of  the  Pliiladel[tliia  gmvel  was  merely 
disintegrated  coiiglouienite  the  pelibles  of  wbich  had  beun 
sot  free  in  their  original  rolled  state  and  not  re-rolled  to 
any  extent.  Many  [lieees  were  flat  and  yet  in  an  erect  atti- 
tude, showing  ice  mther  than  water  transit.  The  trend  of 
the  belt  of  boulders,  so  tar  m  atudied,  was  roughly  at  right 
angles  to  the  bed  of  the  Schuylkill  at  the  Zoological  Garden. 
Mr.  Hall  had  noticed  a  sort  of  smoothing  off  of  the  surtace 
of  the  U[)turned  mica  schist  country.  In  some  cases  the  bould- 
era  were  of  large  eize,  and  grooved  as  well  as  polished.  One 
of  them  contaiDod  many  SHnrian  fossilsi. 

Mr.  Price  invited  Mr.  HalFa  attention  to  quantities  of, 
boulders  being  uncovered  in  the  sand  cuttings  at  25th  street 
and  Fairmount  avenue,  on  the  eastern  side  of  the  Schiayl- 
kilL 

In  the  discussion  which  ensued  the  possibility  of  iceberg 
action  and  the  existence  of  gravel  mounds  across  the  interirjr 
valleys  were  brought  into  view* 

Prof,  Frazer  wished  to  record  the  fact  that  he  had  met 
with  considerable  nnnibei's  of  glaciated  (grooved)  pieces  of 
Rogei's'jasper-roek,  Hunt's  ortliophyre,  or  as  lie  preferred  to 
call  it,  felsite  porphyry  rock  of  the  South  Mountain,  along 
the  low  pass  (partly  a  gorge)  through  which  the  Gettysburg- 
Ohambersburg  road  leatls.  He  suggested,  for  a  cause,  a  thin 
glacier  coming  across  from  the  Path  Valley,  west  of  Chani- 
lieRiburg. 

Mr-  Lesley  described  Mr.  John  Ilarger's  (of  Oxford,  Conn,) 
method  of  obviating  parallax  in  reading  the  vernier  on  the 
dial  jjlate  of  a  transit  instrument  or  surveyor's  compass;  vi^. 
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by  using  two  verniers,  one  inside  and  one  outside  the  grad- 
uated circle.  If  the  observer  finds  a  parallax  error  between 
the  outside  vernier  and  the  scale,  he  will  find  twice  that  er- 
ror between  the  scale  and  the  inside  vernier,  and  can  thus 
easily  correct  his  observation. 

Mr.  Cope  offered  the  following  resolution,  with  appro- 
priate remarks : 

Resolved^  That  the  American  Philosophical  Society  recom- 
mend to  the  attention  of  Congress  the  proposed  scientific  ex- 
ploration of  the  River  Beni  of  Bolivia  and  the  adjacent 
regions,  by  Prof.  James  Orton,  believing  that  the  intrinsic 
importance  of  the  object,  as  well  as  the  experience  of  Prof. 
Orton,  render  it  deserving  of  aid  from  the  Grovernmfent  of 
the  United  States. 

The  resolution  was  passed,  with  instructions  to  the  Secre- 
taries to  transmit  copies  of  it  to  the  Senate  and  House  of 
Representatives  of  the  United  States,  and  to  Prof.  Orton. 

Mr.  Fraley  reported  that  he  had  received  the  quarterly  in- 
terest of  the  Michaux  Legacy  Fund,  due  Oct.  1st  last. 

The  Minutes  were  then  read  and  the  meeting  was  ad- 
journed. 

Stated  Meeting^  November  19^A,  1875. 

Present,  12  members. 

Vice-President,  Mr.  Fraley,  in  the  Chair. 

A  letter  accepting  membership  was  received  from  Mr. 
Charles  E.  Hall,  dated  Philadelphia,  Nov.  13th,  1875. 

A  letter  acknowledging  receipt  of  diploma  was  received 
from  Mr.  Jiames  Freeman  Clarke,  Jamaica  Plains,  Mass. 

Letters  acknowledging  receipt  of  Proceedings  and  Trans- 
actions were  received  from  the  Observatory  at  Munich, 
July  9  (92,  93) ;  the  Royal  Society  at  Gottingen,  June  (92, 
93) ;  the  Academy  at  Lisbon,  Oct.  14, 1875  (92);  the  Statis- 
tical Society,  London,  Nov.  4  (XV  ii,  91);  and  Trlibner  & 
Co.,  London,  Nov.  3  (88). 

Donations  for  the  Library  were  reported  from  the  Societies 
at  Moscow  and  Lifege;    Geographical  Society  and  Revue 
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Politique  at  PariB  \  Astronomical,  GeograpliieiiK  Aeiat ic,  aod 
Antiquarian  Societies,  and  Editors  of  Nature,  Loudon  ;  Rot. 
O.  Fisher;  Bo&tou  Society  of  Nat u nil  History  ;  Mr.  Samuel 
Batchelder  ;  Yale  College,  and  Professor  Marsh,  New  Haven ; 
Franklin  Institute,  Medical  News,  and  Board  of  Public 
Kluc^lion,  at  Philadelphia;  Libmry  of  Congress.  War 
Department,  and  Eugiueer  Department,  at  Wushhigton; 
Butlalo  Society  of  Natuml  Sciences;  and  Editors  of  the 
Western, 

Dr.  Le  Coo te  announced  that  he  had  heen  engaged  for  the 
past  three  years,  and  Dr.  Horn  for  the  past  eighteei>  months, 
on  a  revision  of  the  Rhyncophora  of  tlie  United  States. 
Tlie  memoir  will  make  from  500  to  600  printed  Jiages  of  the 
Proceedings,  On  motion  a  committee  was  appointeil  con- 
sisting of  Dr»  Leidy,  Mr.  0*  E,  Hall  and  Mr*  L^ley,  to  whom 
it  was  referred. 

Mr.  Lesley  called  attention  to  the  valuable  papers  on 
glacial  drift  at  Washington  and  Richmond,  re^d  before  the 
Boston  Society  of  Natural  History,  last  Spring,  by  Prof, 
W,  B,  Rogers.. 

The  minutes  of  the  last  meeting  of  the  Board  of  Officers 
and  rTtnmcil  were  read. 

Pending  nomination  No,  791  was  read. 

On  motion,  it  was 

Jiesolved^  That  the  Society  accept  tlio  bequest  of  Mrs. 
Caroline  E.  G-  locale  under  the  conditions  expressed  in  the 
communication  of  Mr.  Robert  Patterson,  executor, 

On  motion,  it  was 

Mfso^raf^  That  until  otherwise  oixlered  by  the  Society, 
this  collection  be  deposited  in  the  office  of  the  I^hiladelphia 
Saving  Fund  Society,  and  the  Cumtoi^  be  authorked  to 
make  arrangements  with  said  Society  for  its  safe  keeping. 

On  motion^  it  was 

Hi-mlvcd^  That,  uj>on  the  recommendation  of  the  Board  of 
Ofliix^re  and  Membei's  in  Council  at  itg  last  meeting,  the 
edition  of  the  Proceedings  he  increased  from  750  to  1250 
copies;  and  that  the  Librarian  be  authon^sed  to  sell  copies 
at  60  f>er  cent,  above  the  actual  coat  price  of  publication. 

The  meeting  was  then  adjourned. 
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The  Letter  of  Mr.  Robert  Patterson  referred  to  above, 

829  Chestnut  Street,  1 

Philadelphia,  October  30,  1875.    j 

Dear  Sir: — I  beg  leave  to  communicate  through  you  to  the  American 
Philosophical  Society  the  following  extract  from  the  will  of  the  late  Mrs. 
Caroline  E.  Q.  Peale,  viz  : 

"  I  give  to  the  American  Philosophical  Society  held  at  Philadelphia  for 
Promoting  Useful  Knowledge,  the  collection  of  relics  illustrative  of  the 
Stone  Age,  with  the  descriptive  catalogue  thereof  made  by  my  beloved 
husband  Franklin  Peale,  in  trust  to  preserve  the  same  as  a  separate 
collection  within  the  Hall  Building  of  the  Society,  or  in  some  suitable 
place,  and  open  to  the  inspection  of  all  visitors,  under  such  regulations  as 
may  be  proper  for  the  security  thereof ;  the  collection  to  be  designated  so 
as  to  distinguish  the  object  and  the  name  of  the  Collector  as  follows  : 

*'  Implements  of  the  Stone  Age  from  various  parts  of  America,  Europe, 
Great  Britain,  and  the  British  Isles,  collected  and  arranged  as  impres- 
sively confirming  the  unity  of  the  Human  Race,  by  Franklin  Peale." 

"Provided  that  said  collection  shall  not  be  placed  within  the  building 
of  said  Society  until  the  same  shall  be  fire-proof,  and  until  then  or  there- 
after, if  deemed  expedient  by  said  Society,  the  collection  shall  be  deposited 
in  such  fire-proof  building,  public  or  private,  as  they  may  designate. 
And  if  said  Society  shall  decline  or  neglect  the  trust  imposed  on  them,  I 
direct  my  Executor  to  see  to  the  execution  thereof  in  such  manner  as  to 
provide  a  place  of  secure  deposit  for  the  collection,  open  to  the  inspection 
of  visitors ;  and  in  case  of  his  death  or  disability,  V  request  that  the 
proper  court  will  direct  and  take  care  of  the  due  execution  of  this  trust." 

The  character  and  value  of  this  collection  are  known  to  some  of  the 
members  of  the  Society,  and  were  fairly  exhibited  in  the  **  Memorial 
Volume,"  embracing  photographs  and  descriptive  matter,  which  was 
some  two  years  since  submitted  for  inspection. 

The  collection  at  present  is  deposited  in  the  building  of  the  Philadel- 
phia Saving  Fund  Society,  and  I  presume  can  remain  there  awaiting  the 
orders  of  the  Society  and  myself.  The  specimens  are  carefully  packed, 
and  at  the  proper  time  can  readily  be  arranged  in  the  cases.  The  Society, 
if  accepting  the  trust,  will  be  put  to  no  expense  in  the  arrangement  or 
labelling  of  the  collection,  or  for  the  collateral  inheritance  tax  on  the 
same. 

As  the  conditions  of  the  bequest  require,  among  other  things,  that  the 
collection  shall  be  only  placed  in  a  fire-proof  building,  with  which  at  this 
time  the  Society  is  not  provided,  the  designation  of  a  suitable  place  will 
have  to  be  determined  by  the  Society  at  its  convenience. 
Very  respectfully  yours, 

[Signed.]  ROBERT  PATTERSON, 

Executor  of  Caroline  E.  0.  Peale, 

Dr.  Geo.  B.  Wood,  President  of  the  American  Philosophical  Society, 
Philadelphia. 
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FURTHER  DYNAMIC  CO-ORDINATIONS. 

By  Pliny  Eaulb  Chase, 

Professor  op  Mathematics  in  Havbrford  College. 

{Read  befare  the  American  Philosophical  Society,  October  15,  and  December 

3,  1875.) 

A  further  extension  may  be  given  to  my  co-ordination  of  the  great 

natural  forces,  by  means  of  the  thermodynamic  relations  which  subsist 

between  constancy  of  pressure  and  constancy  of  volume. 

In  central  forces,  varying  inversely  as  the  square  of  the  distance,  a 

perpetual  oscillation  through  a  linear  ellipse 

AC,  with  foci  at  the  centre  of  a  circle  and  at 

2r,  would  be  synchronous  with  a  perpetual 

revolution  around  the  circle.     The  complete 

linear-elliptical  orbit  being  =  2d,  the  mean 

velocity  of  linear  oscillation,  or  the  velocity  of 

2 
constant  mean  gaseous  pressure  =  —  of  the 

TT 

velocity  of  revolution  ;  a  velocity  which  would 
be  attained,  both  in  the  centripetal  and  in  the 
centrifugal  phase  of  the  oscillation,  at  1.4232r 

The  ratio  of  heat  under  con- 

stant  volume  to  heat  under  constant  pressure,  as  experimentally  deter- 
mined, is  1  :  1.421.* 

Let  -  =  radius  of  a  gaseous  nucleus  which  is  sufficiently  condensed  to 
allow  of  chemical  combinations,  or  the  radius  of  constant  volume  ;  r  = 
radius  of  constant  mean  pressure.  The  via  viva  of  free  revolution  in  a 
circular  orbit  varying  inversely  as  radius,  the  ratio  of  the  moan  nucleal 
and  atmospheric  forces  may  be  represented  by  the  proportion 
:  :  r  :  :  1  :  1.4233 

In  elastic  media,  as  the  distances  from  the  centre  increase  in  arith- 
metical progression,  the  densities  decrease,  in  geometrical  progression  if 
the  central  force  is  constant,  in  harmonic  progression  if  the  central  force 
varies  according  to  the  law  of  inverse  squares.  Whatever  may  have 
been  the  beginnings  of  cosmo-taxis,  whether  through  nebular  condensa- 
tion, meteoric  accumulation,  explosive  rupture,  or  other  unknown  pro- 
cess, the  secular  mean  actions  and  reactions  between  opposing  forces 
should  lead  to  similar  numerical  and  harmonic  results.  In  the  lan- 
guige  of  Uerscheljf  '*  Among  a  crowd  of  solid  bodies  of  whatever  size, 
animated  by  independent  and  partially  opposing  impulses,  motions  oppo- 
site to  each  other  7nu8t  produce  collision,  destruction  of  velocity,  and  sub- 
♦  Tyndall,  Heat  a  Mode  of  Motion,  4th  Ed.,  Sect.  74. 

t  Outlinet  of  Aitronomy^  Sect.  872. 
A.  P.  B. — VOL.  XIV,  4f 
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sideiice  or  mean  approach  towards  the  centre  of  preponderant  attraction  ; 
while  those  which  conspire,  or  which  remain  outstanding  after  such  con- 
tlicts,  must  ultimately  give  rise  to  circulation  of  a  permanent  character." 

In  the  earliest  stages  of  nucleal  aggregation,  when  the  primiiiye 
oscillating  velocity  subjects  all  particles  to  nearly  equal  impulses  from 
every  direction,  but  with  a  slight  preponderance  towards  special  nucleal 
centres,  the  variation  from  constancy  of  force  may  be  so  slight  as  to  in- 
troduce a  geometrical  progression  based  on  the  above  thermal  ratio, 
1  :  1.42y2.  5?ince  the  nucleal  radius  of  a  Sun  which  would  rotate  syn- 
chronously with  planetary  revolution  varies  as  y  iy  while  the  planetary 
radius-vector,  or  radius  of  possible  nebular  atmosphere^  varies  as  (t)%  the 
atmospheric  radius  varies  as  (nucleal  radius)}.  We  have  thus  a  basis  for 
the  geometrical  series,  r,  rJ,  7'8  .  .  .  r^.  Now  1.4232$  =  1.6009,  or 
almost  precisely  the  fundamental  radius  (1.6007)  which  Professor  Alex- 
ander has  pointed  out  in  the  arrangement  of  the  Jovian  system.* 

It  U  also  very  nearly  represented  in  the  ratios  between  the  nucleal 
radii  of  the  inner  pairs  of  planets,  of  the  two  principal  planetary  belts ; 
9  :  $  =  1.598 ;  Ij  :  :^  —  1.576.+  The  next  term  of  the  series  is 
1.4232}  =:  1.8008,  which  is  remarkably  coincident,  both  with  Professor 
Alexander's  fundamental  ratio:(  for  the  solar  system  (1  :  1.8),  and  with 
the  ** centre  of  explosive  oscillation,"  or  the  linear  centre  of  oscillation 
between  a  primitive  centre  of  oscillation  and  a  linear  centre  of  gravity 
(5  and  I;.  If  the  involution  is  carried  to  the  fifth  quadrangular  pyra- 
midal number,  1.4232'^  =  231390,  which  is  within  less  than  three  per 
cent,  of  the  half-modulus  of  light  at  Sun's  surface,  measured  in  solar 
radii.  The  pyramidal  exponent,  35,  is  also  within  less  than  three  per 
cent,  of  the  possible  solar  atmosphere  measured  in  solar  radii ;  within 
less  than  five  per  cent,  of  tlie  half-modulus  of  light  measured  in  Nep- 
tunian vector-radii ;  and  within  less  than  three  per  cent,  of  the  nucleal 
radius  of  a  nebulous  Sun  which  would  rotate  in  a  year  of  Uranus. 

If  these  accordances  are  dependent  upon  the  mutual  interactions  of  the 
five  principal  masses  in  our  system  (0,  ^,  l^ ,  J,  '4^*),  we  may  reasonably 
look  for  still  further  accordances  between  the  products  of  masses,  which 
enter  as  factors  into  expressions  of  joint  gravitating  action.  We  accord- 
ingly find  the  following  equation  between  the  triangular  powers  of  plane- 
tary masses,  designating  mean  perihelion,  mean,  and  mean  aphelion, by  sub- 


script  figures  1,  2,  3,  respectively  ; 


I3I'    r- 
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^3 

U2J 


=  1; 


*  statement  and  Expoiition  of  Certain  Harmonie»  in  the  Solar  Syitem  (SmithsoniaD 
Contribution?,  280),  p.  15. 

The  simple  ratio,  1.4232  in  npproximatcd  In  Ihe   nucleal  radii  of  the  outer  pairs ; 
^~-@  =z  1.372  :    '4*  -f-  ,§   =  1.4. 

X  op.  cil.,  i>.  4.      I  am  Informed  by  Prof.  Alexar.  er  that  he  announced  this  ratio  be- 
fore the  American  Association  in  1857. 
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or,  if  we  introduce  all  of  the  five  great  masses: 
fi3 
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There  is  still  so  much  uncertainty  as  to  the  masses  of  Neptune  and 
Uranus,  that  it  is  impossible  to  tell  how  close  this  agreement  may  be, 
but  the  deviation  from  precise  accuracy  cannot  be  large.  According  to 
Newcomb's  latest  determinations  of  those  raassep,  the  equation  gives  two 
values  for  Saturn,  one  of  which  is  slighily  lirger,  the  other  slightly 
smaller,  than  Bessers  value.  By  looking  a  little  further  we  may  find 
relations  which  c^n  be  measured  with  greater  certainty,  and  are  there- 
fore more  satisfactory. 

La  Place  found  that  if  the  mass  of  each  planet  be  multiplied  by  the* 
product  of  the  square  of  the  eccentricity  and  the  square  root  of  the  mean- 
distance,  the  sum  of  all  the  products  will  always  retain  the  same  magni- 
tude ;  also,  that  if  each  of  the  masses  be  multiplied  by  the  product  of 
the  square  of  the  orbital  inclination  and  the  square  root  of  the  mean  dis- 
tance, the  sum  of  the  products  will  always  remain  invariable.  Now  the 
square  root  of  the  mean  distance  varies  inversely  as  the  velocity  of  cir- 
cular revolution  at  the  mean  distance,  or  inversely  as  the  square  root  of 
the  velocity  of  nucleal  rotation  at  the  same  distance.  It  is  therefore 
probable  that  the  primitive  undulations  may  have  infiueoced  the  relative 
positions  as  well  as  the  relative  masses  of  the  principal  planetary  orbs. 
Stockwell  has  found*  the  following  relations  : 

I.  Tlie  mean  motion  of  Jupiter^ 8  perihelion  is  exactly  equal  to  the  nieun 
motion  of  the  perihelion  of  UranuSy  and  the  mean  longitudes  of  these  peri- 
helia differ  hy  exactly  18(P.  II.  The  mean  motion  of  Jupitefs  node  on  the 
invariable  plane  is  exactly  equal  to  that  of  Saturn^  and  th:f  mean  longitudes 
of  these  nodes  differ  by  exactly  ISC^. 

I  have  already  had  frequent  occasion  to  refer  to  the  position  of  the 

nebular  centre  of  planetary  inertia  (^/v^^2_._2';/i)  ^^  Saturn's  orbit. 
If  the  four  great  planets  were  ranged  in  a  line,  Jupiter  on  one  side  of  the 
Sun  and  the  other  planets  on  the  other,  the  tidal  influences,  when  Satu-n 
was  in  mean  position,  would  drive  Jupiter,  Uranus,  and  Neptune  to,  or 
towards,  their  respective  aphelia.  Those  positions  would  accord  with 
Stock  weirs  two  theorems,  they  would  approximate  the  centre  of  inertia 
very  closely  to  Saturn's  mean  radius  vector,  and  they  would  make  the 
equation  of  the  products  of  triangular  powers  applicable  to  vector  radii, 
as  well  as  to  masses.  For  the  logarithms  of  mean  vector-radii  of  the 
four  outer  planets,  according  to  Stockwell, f  are  :— 

Neptune,  mean  Aphelion^  1.481951  Neptune^       1.481951 

Uranus,  **  1.301989  (Uranus)-*       3.9059(57 

Jupiter,  "  .734588  (Jupiter)«      4.407528- 

10)9.795446^ 

.      Saturn,  mean,  .979496  Saturn,  .979545 

•  Memoir  on  the  Secular  Variatiom  of  the  Elements  of  ths  Orbits  of  the  Eight  Prin- 
cipal Planets  (Smithsonian  Contribatioas,  232),  p.  xiv 
t  Ibid.  pp.  6,  38. 
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The  difiference  between  the  actual  value  of  lo^.  \i  r.  vec,  and  the  value 

o  a  — Ift 

as  found  by  the  foregoing  equation,  vp  X  0  X  3^  =  b  >  is  therefore, 
only  .000049,  representing  a  numeric il  difference  of  only  ^^q  of  one  per 
cent. 

When  the  hypothetical  nebular  condensation  had  proceeded  so  far  as  to 
show  the  contrulUog  planetary  intiueoce  of  Jupiter's  mass,  the  mean  peri- 
helia of  Saturn  and  Uranus  were  so  fixed  as  to  establish  the  following 
relationships  of  harmonic  powers  : 


X 


S3 


i 
X 


2{3 


=  1; 


1" 


i 


[f:)'^  (I:)' 


:1 


Stockwell's  logarithmic  values  are  : 


Neptune, 
Uranus, 

Saturn, 
Jupiter, 


^3 

Si 

^1 


1.481951  a 

1.262996  ,3 

1.301989  y 

.957973  d 

.734588  e 


^1 


h2 

^2 


1.473327 


.979496 
.716237 

1.0002 

1.0009 


d' 


^  («-'0  "5-  2  (r-'O  +  (s-^^O    =  .000085  =  log. 

i  O^'-iO  +  i  (H)  +  (s'-'O  =  -^^^^  =   " 

The  theoretical  differ  from  the  actual  values,  by  less  than  ^  of  one 
per  cent,  in  the  first,  and  by  less  than  ^^  ^^  ^^^  P®^  cent,  in  the  second 
equation. 

At  the  hypothetical  limit  of  struggle  between  opposing  forces,  which 
we  are  now  considering,  I  have  shown  that  the  ratio  between  the  velocity  of 
incipient  dissociation  and  the  velocity  of  incipient  aggregation  is  1  :  r. 
This  ratio  is  found  to  prevail  in  a  comparison  of  the  vector-radii  of  the 
aphelion  planets  in  each  of  the  aphelion  or  supra-asteroidal  two-planet 
belts,  with  the  vector-radii  of  the  perihelion  planets  in  each  of  the  peri- 
helion or  infra-asteroidal  belts,  as  is  shown  in  the  following  table.  The 
tabular  unit  is  Sun's  radius: 


X 
X 
X 
X 

X 


A 

6438.75 

2049.51 

652.38 

207.66 

66.10 

68.39 


B 
64.53.06 
2049.51 
652.38 
207.58 
68.48 
68.48 


(A-B)  -i-  B 
—.0022  • 


^  mean 

h    " 

®  perihelion 

The  close  accordance  between  the  deviation  of  \i 
eccentricity,   connects    the    supra-asteroidal  with 
planets,  in  a  manner  which  is  still  further  illustrated  by  the  Neptunian, 
Jovian,  and  Telluric  harmonic  series  of  planetary  positions*. 

In  the  harmonic  series  of  differences  between  perihelion  nucleal  pen- 
dulums (]C),  (55),  (^3),  (i*j),  (\\)\  the  inter-telluric  terms  were  ^  Venus 
•  Antt^  xUl,  230.  1  Ante,  xIt,  CM. 


4-.0004 
—.0361 
—.0013 

X  :r-''  and  ©'s  mean 
the    infra-asteroidal 
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and  J  Mercury.  If  we  take  seven  geometrical  means  between  J  Mer- 
cury's, and  Neptune's,  mean  radius-vector,  we  find  the  following  accord- 
ances : 


Theoretical  (T). 

Observed  (O). 

(T-0)  ^  O. 

i  s. 

.19355 

.19a>5 

i  9. 

.86362 

.36167 

4.0054 

§03 

.68312 

.68925 

—.0090 

id". 

1.28337 

1.23312 

4 .0407 

1i  * 

2.41103 

i  %. 

4.52954 

4.52279 

+.0015 

i  h. 

8.50918 

8.57149 

—.0073 

i  $1 

15.98670 

16.03259 

—.0029 

i^. 

30.0334 

30.0334 

The  geometric  ratio  of  the  theoretical  column  is  1.879,  or  almost  pre- 
cisely the  sum  of  the  co-efficients  of  the  Urano- Neptunian  belt  (J  -f  J). 
It  will  be  observed  that  the  theoretical  co-efficients  (i  9  *  }  ®  *  •  *  |  S ) 
are  the  same  as  appear  in  the  inter-planetary  abscissas  of  my  Centauru«-- 
Heliacal  parabola.*  The  collisions  of  particles,  in  their  approach  to  the 
focus  of  a  paraboloid,  would  naturally  convert  parabolic  into  elliptical 
orbits ;  and  particles  falling  towards  a  cosmic  focus  from  a  distance  nr 
would  acquire  the  dissociative  velocity  (relatively  to  the  Sun)  |/2  gr,  at 

nr 
— -jj— 7  from  the  focus.     By  giving  to  n,  successive  values  in  arithmetical 

progression,  we  form  the  arithmetico-harmonic  series,  i  i  ^  i  ^  r  h 
which  constitute  the  peculiar  sequence  of  co-efficients,  both  in  the  fore- 
going geometric  series  and  in  the  abscissas  of  the  primitive  parabola. 

The  bases  of  the  principal  planetary  harmonies  that  have  been  hitherto 
published,  are  : — Peirce  (phyllotactic),  the  time  of  orbital  revolution,  t  ; 
Bode,  and  Alexander,  the  orbital  radius  vector,  or  the  radius  of  possible 
solar-nebular  atmosphere,  r  ;  my  own  (harmonic),  the  nucleal  radius,  f,. 
Their  common  relations  may  be  thus  shown  :^ 

Peiroe,  t  oc  t^  oc  r^  oc  p^ 

Bode,  Alexander,    roc^*ocr     oc^* 

Chase,  poct^ccr^ocp 

The  Saturnian  relations  of  inertia  seem  to  have  established  the  Bode 
series.  For  if  we  take  as  our  unit,  p^z=  20.58  solar  radii,  (p^  being 
the  nucleus  of  a  nebulous  sun  which  would  rotate  synchronously  with  Sat- 
urn's orbital  revolution),  we  obtain  the  following  values  : — 


Bode(T). 

Actual  (O). 

(T-O)  4-  O. 

1  = 

=  po     20.58 

hO 

nucleus    20.58 

4 

82.31 

?2 

83.36 

—.013 

7 

144.04 

9i 

149.93 

—.041 

10 

205.78 

®i 

207.58 

— .OOJ 

16 

329.23 

d. 

829.74 

—.003 

*  Ante,  zti,  523-1. 

je.] 

^ 
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28 

Bode  (T). 
726.16 

Actual  (O;. 
Asteroidal 

(TO;  -h  O. 

52 

1070.06 

2^1 

1069.62 

+.000 

100 

2057  78 

h2 

2049.51 

+.004 

196 

4033.25 

^2 

4121.76 

—.022 

[292 

388 

6008.71] 

Vl 

6388.25 

—.063 

It  will  be  observed  that  I  have  interpolated  the  Xeptuniaa  term,  but 
this  modification  of  the  Bodeian  law,  as  I  have,  in  part,  previously  stated, 
increases  its  harmony,  by  giving  three  equal  differences  at  each  extremity 
of  the  series,  by  placing  Earth^s  perihelion  in  a  geometrical  mean  posi- 
tion between  the  Ij  O  iiucleus  and  its  limit  of  possible  atmosphere,  and 
by  marking  centres  of  linear  oscillation  of  successive  pendulums. 

After  the  hypothetical  detachment  of  the  several  two-planet  belts,  and 
their  independent  revolution  preparatory  to  cosmical  division,  the  har- 
monic should  replace  the  geometric  ratios.  In  order  to  remove  the  in- 
Huence  of  the  theoretical  planetary  pendulum  unit  (i3^)  ^^^  ^^^  slight 
uncertainty  as  to  the  precise  period  of  solar  rotation,  let  us  examine  the 
ratios  of  the  several  planetary  rotation-  (or  nucleal-)  radii,  and  the  con- 
sequent harmonic  differencei,  according  to  the  above  equation  of  varia- 
bility, p  oc  tK 

t  p 

g         .2408  .491         5  -f-    9=5-^  7.99         ^  --  Ij  =  5  -^-  7.88 

9         .6152  .784        ® -^  J\:.z=5-:-0.86         §  -- i;,^  =  5  ^  7. 

©       1.0000  1.000 

c?      1.8808  1.374         5—  ::>r  =  5.722 

11     11.8618  3.414        3^—  ©  =  2.444 

\l     29.4565  5.427        ©  —  Q  "=  l-^^<> 


12^837  66 

67722     "24.'9fi 

5.722  66 

'2.444  —  ~23.02 

2.444  66 

1.000     "22.91 
1.000      66 


§     84.0190  9.U0        0-i9-    .393    -  3^2  -    m.m 

•4-  164.7791        13.837      i?  -J?  -    .147    -^^  -  -"- 

By  comparing  the  radii  of  icthereal  nebulosity  ;  of  synchronous  central 
and  circular  oscillation  (2r  :  r)  ;  of  incipient  aggregation,  or  constant 

(nr     1 
1  47?  J  >  ^^  fi°^  ^^®  ^o^- 
1  owing  accordances  : 

1.  An  aithereal  atmosphei*e,  rotating  with  planetary  velocity  at  Sun*B 
present  surface,  would  have  the  equatorial  velocity  of  light  at  688. 33r. 

3  X  688.33  2064.99  Ij  ^  2049.51 

6  X      **  4129.98  ;^,  4121.86 

9  X      "  6194.97  Wi  6388.25 

2.  If  the  radial  oscillation  and  the  radius  of  nebular  rupture  are  spe- 

nr  2r        \       a' 

cially  regarded,  r  —  J  radius  vector ;  /i  —  2  ;    — — ::  —  -.-  —  5  raaius 

71+1  O 

vector. 


1876.J  657  [Chase. 

i  %  1.6504  cT,  1.6*144 

i  ^^  10.0113   »2,  10.0000 

i  ©,  .3833   gi  .3187 

8.  Substituting  the  orbital  radius  fos  the  radius  of  linear  oscillation, 

nr  2 

wehave-^-^^^-3. 

§  ^  20.0226  §3  20.0442 

f  ©3  .6763   9i  .6978 

4.  Substituting  the  radius  of  incipient  aggregation  and  its  con-espond- 
ing  radius  of  linear  oscillation,  we  have 

nr  1.4232  r 

IT+l  =-—«-'     •••^  =  2.467 
2  n  4.934  Xi  4.978 

The  combined  influences  of  Jupiter  and  Earth  over  the  asteroidal  belt, 
especially  as  shown  in  the  second  and  fourth  accordances  ;  the  tendency 
of  their  mean  radial  velocities  (at  1.4232  r)  and  the  limiting  satellite 
velocities,  to  equality  at  Sun's  present  limiting  planetary  velocity  ;  the 
indications  of  uniform  primitive  velocity,  furnished  by  the  general  pre- 
dominance of  geometrical  ratios  and  the  introduction  of  harmonic  values 
in  the  minute  details ;  the  a  priori  probability  of  such  primitive  uni- 
formity ;  the  relations  of  mass  and  position  to  orbital  times,  as  well  as 
to  atmospheric  and  nuclear-nebular  radii  (^,  r,  and  p)\  all  point  to  origi- 
nating undulations,  propagated,  as  inferred  from  the  ultimate  limit  of 
equality  towards  which  the  parabolic  cometary  and  mean  radial  centrif- 
ugal velocities  both  tend,  with  the  velocity  of  light. 

La  Place  {Mecanique  Celeste^  II,  viii,  65-69  ;  VI,  ii,  12-16  ;  etc.)  investi- 
gated a  number  of  inequalities  depending  on  the  squares  and  products  of 
the  disturbing  forces.  In  his  discussions  of  the  Jovian  and  Satumian  sys- 
tems he  introduced  terms  containing  the  3d  and  5th  dimensions  of  the 
eccentricities  and  inclinations.  The  closeness  of  the  agreements  here 
presented  may,  perhaps,  lead  to  important  considerations  involving  still 
higher  powers. 

If  we  substitute  for  the  theoretical  primitive  exponential  ratios  (I,  1  + 
2,  l-|-2-|-3),  the  present  actual  vector  radii,  (a  =  tp^ ;  /9  =  5 2  >  y  =^  hi't 
o  =  2/i),  we  find  an  equation  for  Saturn's  mean  perihelion  : — 

+  2       '^  2  2  1 

If  «,  /9,  d,  represent  the  mean  aphelion  vector-radii,  we  find  an  equation 
for  Saturn's  mean  distance  : — 

t;?fx$f-^x:y-=i2^+''  (2) 

If  we  take  powers  of  the  masses,  instead  of  powers  of  the  vector-radii, 
equation  (2)  gives  two  values  for  Saturn's  inass,  according  as  we  use 
Newcomb*s  greatest  value  of  Neptune's  mass,  (iTaTi.)>  deduced  from  its 
satellite  (3) 

or  the  least,  (79^00)9  deduced  from  perturbations  of  §  (4) 


Ohasc.  j  Oob  [Oct.  16  and  Deo.  8,  187&. 

These  equations  are  immediately  suggestive  of  the  numerous  familiar 
equations  between  the  sums  of  periodic  times.  The  substitution  of  pro- 
ducts for  sums,  and  powers  for  products,  indicates  the  early  organizing 
activity  of  constant  forces,  actiug  with  reference  to  given  centres,  in 
elastic  media. 

The  solution  of  equations  (1)  to  (4)  is  as  follows  :« 

(1) 

Log.  30.083865302 798  7.687712 

*•     19.l83581i»-*«»*«*-*-2027»8  17.936362 

'*     5.2027983ooit886  21.511361 


47.135435 
'*     9.0776453oo»»««+i»i»»»»i  47.148970 

.013544  -^  49.217441  =  .000275  =  log.  1.00051 

(2) 
Log.  80.33551*<2r86i  8.043068 

**   20.04418320044 188-5.42  7851  19.030955 

"      5.427351»o»«*»i  22.284102 


49.358125 
"      9.538852«o»»*»  +  2oo**»»*  49.346714 

.011411  -i~  50.379693  =  .000227  =  log.  1.00050 

(3).  (4) 
If  log.  0  =  10,  the  logs,  of  the  assumed  masses  are : — 
y  (Newcomb,  from  satellite)  5.712640 

';;  (        "  **    perturbations)  5.705534 

i  (        "        )  5.645892 

\2  (Bessel)  6.455734 

ir  (      "      )  -  6.979689 

Substitutiug  these  logs,  for  the  aphelion  logs,  in  equation  (2),  we  get 
for  log.  \2 »  ^y  usii^  for  log.  ^ 

Satellite  value  (8)  6.458198 

Perturbation  value  (4)  6.456439 

0.458198  —  6.455734  ==  .002464  =  log.  1.0057 

6,456439  —  6.455734  =:  ,000705  =  log.  1.0016 
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Stated  Meeting^  December  3rf,  1875. 

Present,  14  members. 

Vice-President,  Mr.  Fraley,  in/ the  Chair. 

Visitors.  Mr.  Schwartz  of  the  Detroit  Scientific  Associa- 
tion, and  Mr.  Morgan  Hart. 

A  letter  acknowledging  the  receipt  of  Proceedings  No. 
94,  was  received  from  tlie  Victoria  Institute,  dated  London, 
Nov.  8th,  1875. 

A  communication  respecting  a  so-called  Calendarium  per- 
petuum  mobile,  to  be  exhibited  in  1876  by  M.  Kesselmeyer, 
was  received  from  Mr.  C.  H.  Meyer,  Consul  for  the  German 
Empire  at  Philadelphia. 

Donations  for  the  Library  were  received  from  the  Nether- 
land  Botanical  Society ;  Cobden  Club ;  Glasgow  Philosophi- 
cal Society ;  Silliman's  Journal ;  Academy  of  Natural 
Sciences ;  Penn  Monthly  ;  Journal  of  Pharmacy  ;  Mr.  Nys- 
trom  ;  and  Prof.  Kerr  of  North  Carolina. 

Mr.  Britton  exhibited  and  explained  certain  improvements 
in  his  laboratory  burettes. 

Mr.  Lesley  described  the  occurrence  of  certain  Carbonifer- 
ous valleys  of  erosion,  discovered  by  Prof.  Stevenson  and 
Mr.  White  during  the  field-work  season  just  closed,  in 
Washington  and  Greene  counties,  Pennsylvania,  on  the  hor- 
izon of  the  great  sand-rock  of  the  Lower  Barren  Measures, 
below  the  Pittsburg  coal. 

Mr.  Price  communicated  a  memorandum  of  the  places 
around  Philadelphia  recently  visited  by  him,  where  boulders 
may  be  seen.  This  list  of  points  in  the  present  limits  of  the 
city  may  be  of  historical  interest  at  a  future  day. 

I  have  lately  visited  the  following  excavations  through  gravel  outside 
the  built  area  of  the  city.  In  all  are  found  pebbles  and  stones  rounded 
by  the  action  of  water,  and  stones  of  all  sizes  up  to  some  hundred 
pounds,  unrounded,  angular,  and  but  slightly  rubbed.  Where  the  gravel 
is  purest  and  deepest,  and  undisturbed,  stratification  is  seen,  and  at  a 
depth  of  eight  or  ten  feet  a  black  band  of  cemented  gravel  divides  the 
gravel  from  the  fine  sand  below  : 

South  side  South  Street  east  of  new  bridge ;  south  side  Woodland  Ave- 
A.  P.  8. — VOL.  XI v.  4g 
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Due,  both  east  and  west  of  Woodlands  Cemetery;  46th  Street,  both 
south  and  north  of  Woodland  Avenue  ;  41th  Street,  south  and  north  of 
Kingsessing  Avenue,  and  north  of  Spruce  Street ;  Chestnut  Street,  west 
of  45th  and  47th  Streets;  intersection  of  Pennsylvania  and  Connect- 
ing Railroads ;  Girard  Avenue,  west  of  48th  Street ;  Elm,  west  of  Girard 
Avenue  ;  Girard  Avenue  east  of  the  bridge,  in  the  Park ;  in  the  Park 
east  of  Connecting  Railroad  bridge  over  the  Reading  Railroad  ;  Jeffer- 
son and  28th  Streets ;  Cumberland  Street  and  15th  ;  and  12th  and  Cum- 
berland Streets ;  also  east  of  Reading  Railroad  bridge  over  the  Schuyl- 
kill, and  around  the  basin  in  the  East  Park. 

The  *' erratics"  are  found  at  all  heights,  twenty  to  one  hundred  feet 
abov3  tide,  both  side 4  of  the  Schuylkill. 

Prof.  Chase  described  some  indications  of  Saturn's  import- 
ance in  intiuencing  the  early  planetary  aggregations  of  our 
system  when  the  Sun  was  in  a  nebulous  condition.  He  in- 
troduced an  equation  between  the  masses  and  distances  of 
the  four  outer  planets,  which  accorded  with  other  present 
indications  of  nebular  activity  in  Saturn. 

The  Treasurer's  annual  report  was,  on  motion,  postponed, 
on  account  of  his  serious  illness. 

Pending  nomination  No.  791  was  read. 

Mr.  Price  presented  the  following  report  on  the  applica- 
tion oF  the  funds  of  the  Michaux  Legacy : 

December  3,  1875. 
To  THE  Ambrican  PiiiLOsorniCAL  Society  : 

I  refipectfuUy  make  I'eport  in  relation  to  the  expenditure  of  the  income 
of  the  Michaux  Fund  placed  at  the  disposal  of  the  Fairmount  Park 
Commission. 

The  Botanical  Committee  of  the  Society,  Aubrey  H.  Smith,  Chairman, 
revised  the  list  of  trees  proposed  to  bo  imported  last  spring  ;  and  nine 
hundred  and  ten  trees  were  imported  from  James  Booth  &  Sons,  Ham- 
burg, Germany,  and  arrived  and  were  planted  early  in  May  last.  They 
were  fine,  healthy,  well-grown  trees,  and  were  crenerally  in  good  order 
when  received.  There  were  one  hundred  and  forty-five  species  and 
varieties  of  Maple,  Horse-Chcstnut,  Allan tus,  Alder,  Birch,  Horn- 
beam, Spanish-Chestnut,  Catalpa,  Beech,  Laburnum,  Ash,  Larch,  Pop- 
lar, Prunua,  Pterocarya,  Pyrus,  Oak,  Lorbus,  Linden,  Willow. 

There  are  now  growing  of  this  and  the  previous  importation  by  the 
same  Michaux  Fund,  one  thousand  one  hundred  and  seventeen  trees  and 
shrubs,  of  two  hundred  and  sixty  seven  species  and  varieties.  These 
are  all  in  the  nursery,  where  they  will  remain  until  of  a  size  to  be  planted 
out  in  the  "  Michaux  Qrove*'  and  elsewhere  over  the  Park. 
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I  have  collected  from  the  Woodlands  Cemetery,  formerly  the  seat  of 
William  Bamllton,  and  from  the  Marshall  Garden,  and  with  the  aid  of 
Dr.  George  Smith  of  Delaware  County,  and  Aubrey  H.  Smith,  Esq., 
from  other  places,  considerable  quantities  of  acorns  and  seeds  without 
cost,  and  had  them  planted  in  the  Nursery  of  the  Park,  in  furtherance 
of  Mr.  Michaux's  purpose,  to  wit :  of  the  European  Oak,  the  English 
White  Oak,  Red,  Scarlet,  White,  Black,  Post,  Willow,  Swamp,  Chestnut, 
Rock  and  Overcup  White  Oaks  ;  and  the  seeds  of  the  Sweet  Gum.  The 
Bartram  acorns  came  from  Humphrey  Marshall  of  Marshallton,  Chester 
county ;  and  a  lot  of  them,  separately  planted,  were  procured  by  Dr. 
Leidy  from  a  forest  tree,  near  Columbus,  N.  J.  Mr.  A.  H.  Smith,  in 
sending  these  sayp,  **If  these,  or  any  of  them,  germinate  we  shall  have 
an  authentic  specimen  of  the  Bartram  oak  at  last." 

In  addition  to  the  duty  of  making  the  Society  acquainted  with  the 
manner  in  which  its  iunds  have  been  used,  I  have  in  view  the  purpose  to 
invite  through  your  publication,  the  contribution  to  the  Fairmount  Park 
Nursery,  of  acorns  and  seeds  of  all  rare  forest  trees  that  will  stand  our 
climate,  by  friends  of  the  Park,  and  lovers  of  trees  and  science  whereso- 
ever they  may  be,  with  the  expectation  that  the  Park  will  in  the  future 
become  a  point  of  distribution  of  rare  trtes  to  other  Parks  and  of  their 
fruits. 

The  Park  Commission  stipulated  with  this  Society,  March  12,  1870, 
that  after  planting  the  Michaux  Grove,  any  surplus  of  the  income  of  the 
Micbaux  Fund  "shall  be  devoted  to  the  cultivation  of  Oaks  of  every 
variety  capable  of  cultivation  in  our  climate,  in  the  Park  Nursery,  wliich 
Oaks,  to  the  extent  of  two  of  each  kind  cultivated,  (shall)  be  hereafter 
distributed  to  other  Public  Parks  in  the  United  States.'*  Of  acorns  and 
seeds  the  only  limitation  would  be  in  the  production  of  the  trees. 

ELI  K.  PRICE, 
Chairman  of  tlie  Committee  of  Fairmount  Park  upon  Trees  and  N^urseriei, 

and  Chairman  of  tJie  Committee  of  the  Society  on  the  Michaux  Fund, 

On  motion  of  Mr.  Price,  it  was 

Resolved^  That  Tlios.  O'Donnell  and  Albert  8.  AUshause 
be  res[>ectfully  invited  to  furnish  this  Society,  at  each  of  its 
meetings,  a  report  of  their  borings  on  the  south  side  of  Elm 
Avenue,  near  the  Centennial  buildings,  and  to  furnish  the 
museum  of  the  Society  with  specimens  of  the  rocks  bored 
through. 

On  motion  of  Mr.  Price,  it  was 

Resolved^  That  a  committee  of  five  be  appointed  to  make 
arrangements  for  the  delivery  of  the  address  of  the  Hon. Wm. 
Strong  on  the  life  and  character  of  the  Hon.  Horace  Binney. 
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Mr.  Price,  Mr.  Fraley,  Mr.  II.  J.  Williams,  Mr.  Hopper 
and  Judge  Sharswood  were  appointed  the  committee. 

Oil  motion  of  Mr.  Lesley,  the  Secretaries  were  authorized 
to  complete  the  set  of  the  Society's  Proceedings  and  Trans- 
actions in  the  Library  of  the  University  of  Pennsylvania, 
receiving  in  return  such  duplicates  as  are  in  that  Library. 

The  Secretaries  were  instructed  to  prepare  a  reply  to  the 
communication  of  Herr  C.  Kesselmeyer,  transmitted  to 
this  Society  by  Mr.  Ohas.  11.  Meyer,  German  Consul,  and 
member  of  the  Centennial  Commission  of  the  German  Em- 
pire (224  S.  Fourth  street,  Philadelphia),  stating  that  the 
regulations  of  the  Society  will  not  admit  of  a  compliance 
with  his  request. 

And  the  meeting  was  adjourned. 


Stated  Mcetivg^  December  Vlth^  1875. 

Present,  10  members. 

Vice-President,  Mr.  Fraley,  in  the  Chair. 

Donations  for  the  library  were  received  from  M.  Donisotte 
of  Turin;  the  Royal  Prussian  and  Belgian  Academies;  Revue 
Politi(iue; London  Nature;  Boston  Natural  History  Society  ; 
Cambridge  Museum  ;  Franklin  Institute ;  Medical  News,  and 
the  U.  S.  Department  of  the  Interior. 

The  committee  on  the  paijcr  of  Drs.  Le  Conte  and  Horn, 
entitled  "  On  the  Rhyncophora  of  North  America,"  reported 
in  favor  of  its  publication  as  a  separate  Volume  (XV,  No. 
96,  of  the  Proceedings).  On  motion,  it  was  so  ordered,  with 
an  appropriation  of  fifty  dollars  for  illustrations  ;  the  Secre- 
tary being  authorized  to  commence  the  minutes  of  1876 
asNo.  97,Voh  XVL 

The  Committee  to  which  was  referred  the  Memoir  on  the  Rhyncophora 
of  N.  America  by  Drs.  LeConte  and  Iloro,  report  that  they  have  exam- 
iued  the  MSS.  and  find  the  foUowing  facts. 

The  memoir  consists  of  about  live  hundred  MSS.,  equal  to  about  four 
hundred  printed  pages,  and  reiiuire  a  few  simple  wood  cuts  in  the  text, 
costing  about  twenty-five  dollars,  and  one  lithograph  plate  costing  about 
twenty-five  dollars.    Dr.  Ilorn  proposes  to  draw  on  the  wood  himself. 
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The  subject  is  of  great  scientifio  iateresf,  being  a  new  classification  of 
eleven  families  of  Coleopterous  insects  in  three  series,  upon  the  basis  of 
a  wider  and  closer  study  of  all  their  features  than  has  yet  been  made ; 
and  after  personal  inspection  of  the  cabinets  of  Europe.  The  families  of 
insects  described  belong  to  the  class  of  weevils  in  the  language  of  agri- 
culture. 

We  recommend  thU  the  memoir  be  printed  separately  as  No.  05  and 
Vol.  XV  of  the  Proceedings,  with  the  necessary  appropriation  of  fifty 
dollars  f«>r  illustrations  ;  and  that  the  Secretaries  be  authorized  to  com- 
mence the  publication  of  the  Proceedings  of  1876  with  No.  96,  page  1, 
Vol.  XVI. 

Dr.  Brinton  communicated  the  results  of  his  corresix)nd- 
ence  with  Dr.  Valentiui,  of  Mexico,  and  read  a  statement  of 
Dr.  Valentini's  theory  of  the  Calendar  Stone,  as  a  votive  tablet 
to  the  Sun  God,  deducing  important  liistorical  data  therefrom. 
Dr.  Brinton  reported  that  the  MSS.  had  been  sent  to  him, 
and  moved  the  appointment  of  a  committee  to  report 
whether  it  deserved  publication.  Dr.  Brinton,  Prof.  Ken- 
dall and  Mr.  Lesley  were  appointed  the  committee. 

The  author,  in  the  introductory  pirt  of  his  memoir  refutes  the  theory 
prevalent  on  the  meanini;  of  the  Mexican  Calendar  Stone.  This  theory 
was  advanced  by  Don  Lsoa  y  Gama,  in  the  year  1490,  and  may  be  con- 
densed into  the  following : 

The  stone  is  a  sun  dial,  and  has  the  additional  function  of  showing  : 

1.  The  two  transits  of  the  sun  by  the  zenith  of  the  City  of  Mexico. 

2.  The  two  equinoctial  days. 

0.  The  day  of  the  Summer  Solstice. 

The  way  of  ascertaining  theso  days  has  baen  to  set  above  the  stone  an 
apparatus,  constructed  of  eight  vertical  poles,  whose  points  were  con- 
nected by  threads  ;  and  the  shadows  of  these  threads,  on  the  above  said 
days,  would  fall  upon  the  surface  of  the  dial,  and  cut  the  figure  of  the  re 
spective  hieroglyphics  and  thus  determine  the  day  of  the  celestial  phe- 
nomenon. 

The  day  of  the  Winter  Solstice  is  supposed  to  be  sculptured  upon 
another  stone  of  the  same  kind,  which  is  still  to  be  discovered. 

The  author  shows  that  the  stone  lacks  all  the  requirements  necessary 
for  representing  a  sun  dial ;  he  doubts,  whether  the  Mexicans  had  been 
acquainted  with  the  existence  of  the  named  astronomical  days ;  he  further 
proves  that  the  two  hieroglyphics,  or  the  pretended  equinoctial,  and  the 
two  for  the  pretended  Transit  days,  simply  refer  to  the  four  tablets  that 
represent  the  four  destructions  of  the  world,  and  that  they  designate  the 
days  on  which  the  Mexicans  were  accustomed  to  celebrate  a  feast  in  order 
to  commemorate  those  pre-historic  events ;  and,  finally,  that  the  day  for 
the  pretended  Summer  Solstice  turns  out  to  be  the  hieroglyphic  for  the 
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five  ^lexican  supplementary  days,  called  the  nemotemi  (5  -\-  360  days). 
Hence,  the  premises  of  this  theory  being  incorrect,  the  conclusion  must 
be  incorrect  also. 

The  theory  of  the  author  is  the  following : 

T?ie  Mexican  Calendar  Stone  is  a  votive  monument  dedicated  to  the  Sun  Ctod 
in  the  year  XIII  Acetl,  As  in  the  series  of  the  fifty-two  years,  which  form 
a  Mexican  cycle,  the  year  of  the  name  XIII  Acetl  was  the  last  one,  the 
people  looked  at  it  with  fright.  For  they  believed  that  the  Sun  God,  at  the 
lapse  of  each  cycle  would  destroy  the  world,  and,  therefore,  the  happy 
entrance  of  a  new  cycle  was  considered  by  the  people  to  be  a  special  in- 
dication of  his  mercy.  The  motives  of  the  dedication  thus  explained,  the 
author  transcribes  the  year  XIII  Acetl,  which  is  sculptured  in  a  tablet  at 
the  top  of  the  stone,  into  that  of  1470  of  our  era,  and  gives  the  reasons  for 
doing  so.  He  then  proceeds  to  ascertain  the  person  to  whoin  the  stone 
was  dedicated,  and  from  the  central  position  of  an  image,  from  its  orna- 
ments, and  from  a  hieroglyphic  sculptured  on  its  frontlet,  he  comes  to  the 
conclusion  that  this  image  is  that  of  the  sun  god,  Atoniatuh, 

These  preliminary  questions  settled,  the  author  passes  to  the  minute 
description  and  final  definition  of  all  those  hieroglyphics  which  in  suc- 
cessive and  c  )ncentric  zones  surround  the  image  of  Atoniatuh.  He  says, 
as  the  intention  was  to  glorify  the  Sun  God,  the  great  giver  of  time,  the 
artist  chose  to  sculpture  in  the  spaces  of  the  concentric  zones  all  those 
symbols  by  which  the  Mexicans  used  to  represent  time  and  its  division. 
In  the  immediate  vicinity  of  the  image  the  artist  placed  the  zone  of  the 
Aeons,  in  the  form  of  four  tablets  upon  which  the  four  destructions  of  the 
world,  the  most  ancient  deeds  of  the  Sun  God,  are  found  to  be  sculptured. 
Next  comes  tJie  zone  of  the  twenty  days,  which  constitute  a  Mexican  month. 
Each  of  these  twenty  days  has  its  special  image.  Then  comes  the  zone  of  the 
two  hundred  and  sixty  Lunar  days,  divided  into  weeks,  each  of  these  being 
subdivided  into  five  days ;  and  around  this  zone  lies  that  of  tJie  one  hun- 
dred Solar  days  ;  for,  according  to  their  peculiar  way  of  computing  time 
the  circle  of  the  ancient  Mexican  year  was  split  into  those  portions.  The 
flee  days  wanting  to  make  their  year  a  more  correct  one  will  be  seen  to  be 
intercalated  within  the  space  between  the  tablets  of  the  two  last  destruc- 
tions of  the  world.  The  sixteen  hours  of  the  Mexican  day  are  represented 
by  gnomonii,  which  at  proportionate  distances  intersect  the  zones.  The 
last  zone,  girdling  the  whole  monument  is  occupied  by  the  symbols  for 
the  cycle.  Thus,  every  kind  of  symbols  representing  division  of  time  will 
be  found  to  ba  sculptured  on  the  monument  and  brought  into  symmetri- 
cal relation  to  the  image  of  him  whom  they  considered  to  be  the  primeval 
origin  of  all  time. 

Special  attention  has  been  paid  by  the  author  to  the  Zone  of  the  Cycles, 
which  he  calls  the  Chronological  Zone.  It  is  divided  into  twenty-four 
tablets.  Each  of  these  is  like  the  other  and  contains  the  picture  which 
was  employed  for  designating  the  lapse  of  a  cycle  of  fifty-two  years.    It 
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shows  a  shaft,  vertically  placed  npon  a  disk,  rom  which  fonr  flashes  of 
smoke  and  fire  curl  up.  By  this  picture  was 
expressed  the  solemn  act  of  re-kindling  the 
sacred  fire  ;  a  ceremony  which  took  place  before 
the  assembly  of  the  whole  people  in  the  last 
hour  of  the  cyclical  year.  The  identity  of  this 
picture,  sculptured,  with  that  painted  in  the 
Mexican  Codies  is  exemplified  by  copies  taken 
from  the  large  collection  of  Lord  Kingsborough, 
and  its  correct  interpretation  is  warranted  by 
referring  to  the  authentic  text.  The  author 
now  says  :  That,  if  the  stone  evidently  was  consecrated  in  the  year  1479  : 
if  further,  the  tablet  containing  the  sign  for  this  year  not  only  is  fixed  at 
the  top  of  the  monument,  but  also,  within  this  cycle-zone  and  at  its  top  : 
and  finally,  if  two  large  pointers  are  seen  to  lead  the  two  halves  of  this 
zone  toward  this  same  tablet  of  1479—- the  artist's  intention  has  been  to 
give  to  understand  that  the  Mexicans,  in  the  year  1479,  had  counted  the 
sum  of  twenty-four  cycles  elapsed,  or  twenty-four  festivals  celebrated 
in  honor  of  their  Sun  god.  Twenty-four  cycles  represent  the  sum  of  one 
thousand  two  hundred  and  forty-eight  years.  This  sum  subtracted  from 
the  year  1479  leads  back  to  a  year  of  our  era  equivalent  to  231  A.  D. 
Hence,  the  stone  not  only  shows  division  of  time,  generjilly,  but  als7  a 
definite  quantity  of  time,  which  the  benignant  Deity  had  granted  to  his 
people.  To  find  a  chronological  record  of  this  kind  sculptured  upon  this 
monument  appears  to  be  in  full  concordance  with  its  votive  character. 

The  author  is  of  the  opinion,  that  by  the  year  231  A.D.  the  date  has 
been  expressed  from  which  the  civilized  races  of  Mexico  and  Yucatan 
began  to  reckon  a  new  political  or  religious  era.  His  computations  of 
the  chronologies  written  by  Satlilxodritl,  Veytia  and  Chimalpopoca,  and 
of  that  of  the  Maya-people,  have  given  him  an  almost  identical  result. 
The  variations  are  :  231  A.D.,  242  A.D.,  and  245  A.D. 

Dates  prior  to  these,  and  mentioned  in  Mexican  history,  can  now  be 
correctly  determined.  Thus,  the  year  X  Calli,  that  of  an  universal 
eclipse  of  the  Sun,  is  equivalent  to  our  year  137  A.D.  =  Lapse  of  the 
great  Sothic  period  in  the  Orient,  and  coinciding  with  the  Mexican  date 
of  the  departure  of  the  civilizing  races  from  the  distant  Tulapan,  The 
year  1  Tecpatl  proves  to  be  equivalent  to  29  B.  Cr.  =  Introduction  of  the 
Julian  calendar  in  Asia  Minor  by  Ccesar  Octavianus,  and  it  is  called  by  the 
Mexicans :  the  meeting  of  the  Astrologers  in  Huehuetlapallan  for  the 
purpose  of  correcting  the  calendar. 

These  latter  suggestions  do  not  enter  into  the  memoir,  but  will  be 
more  extensively  treated  in  a  later  paper,  if  that  of  the  Mexican  Calendar 
Stone  should  meet  with  a  favorable  reception. 

Mr.  Walter  presented  to  the  library  of  the  Society,  as  a 
gift  from  Mr.  John  McArthur,  Jr.,  architect  of  the  New 
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Public  Buildings  of  Philadelphia,  several  photographs  of 
ornamental  portions  of  the  work,  remarking  that  he  consid- 
ers the  style  of  ornamentation  inaugurated  in  these  build- 
ings, as  surpassing  in  design  and  modeling,  any  esthetic 
embellishments  in  architecture  ever  before  attempted  in  the 
United  States.  He  called  the  attention  of  the  members 
especially  to  a  head  of  the  late  Hon.  Horace  Binney  sculp- 
tured in  high  relief  on  the  keystone  of  the  arch-way  lead- 
ing to  the  Judiciary,  remarking  that  it  was  modeled  from  a 
photograph  of  Mr.  Binney  taken  about  a  year  before  his 
death,  and  furnished  for  the  occasion,  by  his  daughter,  Mrs. 
Montgomery. 

Allegorical  faces  in  high  relief,  representing  Remorse, 
Sympathy,  Knowledge,  Commerce  and  Liberty ;  also  the 
head  of  a  buftalo,  the  heail  of  a  lioness,  and  other  devices 
adorn  the  various  keystones,  no  two  being  alike,  and  each 
rei)rcsenting  an  apparent  idea  or  association. 

As  the  ornate  jwrtions  of  the  buildings  are  modeled  and 
photographed,  the  Society  will  be  furnished  with  copies  for 
the  library. 

Mr.  Blazius  read  a  paper  On  the  influence  of  Air  on  Life, 
and  the  connection  of  the  westward  growth  of  cities  with 
modern  meteorology.  A  discussion  ensued  in  which  Mr. 
Price,  Mr.  Walter,  Mr.  Lesley,  Mr.  Fraley,  Mr.  Briggs  and 
Dr.  Horn  took  part. 

Pending  nomination  791  was  read. 

The  stated  business  of  the  evening  was  postponed  on  ac- 
count of  the  continuous  illness  of  the  Treasurer. 

The  Committee  on  Judge  Strong's  address  reported  that 
it  should  be  delivered  on  the  5th  of  January  next,  at  8 
o'clock  P.  M.,  in  Musical  Fund  Hall. 

And  the  meeting  was  adjourned. 
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SOME  REMARKS  ON   THE   CONNECTION  OF  METEOROLOGY 
WITH  HEALTH. 

By  William  Blasius. 

(^Read  before  the  American  Philosophical  Societu,  December  11  th,  1875.) 

Sometime  ago  an  architect  asked  me  the  question  whether  I  could 
assign  a  philosophical  reason  for  the  well-known  fact,  that  during  all 
ages,  cities,  where  topographical  impediments  do  not  interfere,  extend  as 
a  general  rule  from  east  to  west,  and  that  the  wealthiest  people  are  al- 
ways in  the  advance.  As  an  instance  of  this  kind,  I  will  remind  you  of 
the  West  End  in  London,  and  of  our  fashionable  Chestnut,  Walnut, 
Spruce,  and  Pine  Streets,  which  have  grown  steadily  in  this  manner  from 
the  Delaware  to  the  Schuylkill. 

I  had  before  paid  some  attention  to  this  question  under  a  somewhat 
different  form,  namely  :  What  influence  in  reference  to  aerial  currents 
has  the  position  of  a  city  or  a  dwelling  house  on  the  health  of  the  in- 
habitants ? 

In  speaking  of  a  healthy  or  unhealthy  location  of  a  city  or  a  house  w& 
hear  fre<iuently,  in  the  reasoning  on  these  points,  the  remarks  made  that 
it  is  on  high  or  low  ground,  indicating  thereby  that  a  house  is  respectively 
healthy  or  unhealthy.  This  generally  coneeived  impression  has  doubt- 
less been  derived  from  the  idea  that  low  ground  must  necessarily  form  a 
swamp,  im  which  malarial  gases  are  generated.  Although  this  may  be  the 
case  in  many  instances  where  no  drainage  exists  and  the  ground  is  im- 
pervious to  water,  it  is  not  always  so ;  for  the  formation  of  a  swamp  de- 
pends more  upon  the  geological  formation  than  upon  the  altitude.  I  have 
seen  swamps  on  mountains  as  well  as  on  low  ground,  and  houses  close  to 
a  swamp  on  low  ground  perfectly  healthy,  while  those  standing  on  high 
ground  and  far  oif  from  a  swamp  were  most  unhealthy.  The  cause  of 
malarial  diseases  must  then  be  found  in  some  other  conditions,  also. 

Twenty  or  thirty  years  ago,  when  geology  became  more  fully  developed, 
medical  men  tried  to  find  the  cause  of  many  diseases  in  the  nature  of  the 
soil  or  in  geological  conditions,  and  I  have  no  doubt  that  this  has,  indi- 
rectly, something  to  do  with  our  health.  A  little  later  some  diseases 
were  traced  directly  to  impure  drinking-water.  But  it  is  only  recently, 
that  physicists  began  to  suspect  the  air  as  the  principal  mischief  maker. 
And  if  we  consider  that  we  eat  only  three  times  a  day,  drink  water  but 
twice  as  much,  but  drink  or  breathe  air  about  fifteen  times  every  minute, 
it  becomes  at  least  very  probable  that  the  air  is  the  chief  culprit  that 
smuggles  the  poisonous  matter  into  our  system.  For  we  inhale  eighteen 
cubic  feet  of  air  every  hour,  or  four  hundred  and  thirty-two  per  day; 
and  three-fourths  of  our  weight  has  been  built  up  of  its  material.  This 
enormous  consumption  of  air  is  performed  almost  uoconsciously,  at  least 
without  paying  auy  attention  to  its  quality,  as  we  would  naturally  do  ia 
drinking-water.  Because  the  air  is  invisible  and  tasteless  the  majority 
of  people  are  scarcely  aware  of  its  existence,  much  less  of  its  impurities 
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ia  certain  localities,  particularly  in  large  cities.  The  most  wonderful 
discoveries  have  been  made  in  this  direction  by  Ehrenberg,  Schroeder, 
Pasteur,  Dr.  Smith,  Schwann,  Cohn,  Dr.  Bastian,  Tynd^ll,  Pettenkofer, 
and  others. 

Schroeder  succeeded  first  in  filtrating  air  by  letting  it  pass  through 
chemically  pure  cotton  into  a  glass  cylinder,  from  which  the  air  had  been 
exhausted  by  an  air-pump. 

The  eminent  French  chemist,  Pasteur,  by  using  chemically  pure  gun 
Cv>tton,  which  he,  after  the  filtration,  dissolved  in  ether,  succeeded  in 
c  )I1ecting  all  impurities  of  the  filtrated  air,  and  subjecting  the  fluid  to  a 
microscopic  investigation,  he  observed  myriads  of  fungi  and  still  smaller 
living  organisms  as  Bacteria  and  Vibriones  in  it.  He  says :  **  It  appears 
that  our  knowledge  of  contagious  diseases,  especially  at  periods  when 
epidemics  rage,  would  be  increased  by  work  carried  out  in  this  direction." 
Following  his  own  suggestions,  ho  was  enabled  to  prescribe  a  means  of 
preventing  the  disease  known  as  <*pebrine,"  which  made  such  havoc 
amongst  the  silkworms  in  France. 

Schwann  showed  that  a  fluid  which  produced  myriads  of  such  lower 
living  organisms  if  left  in  contact  with  ordinary  air,  would  keep  free  of 
them  if  first  boiled  and  then  brought  in  contact  with  air  previously 
heated  to  redness  ;  proving  thus  clearly  that  the  germs  of  life  came  from 
the  air.  It  also  was  proved  that  meat,  fruit,  etc.,  will  preserve  in  pure  air 
from  one  to  two  years  and  that  fermentation  and  decomposition  is  carried 
on  by  the  assistance  of  such  minute  organisms  in  the  air.  The  conclu- 
sions, then,  are  not  so  far  off  from  the  truth  that  such  minute  parasites 
if  in  sufficient  numbers,  may,  in  entering  on  the  wings  of  tho  air  into 
our  system,  attack  delicate  or  diseased  organs,  producing  fevers,  such  as 
diphtheria,  scarlet  fever,  etc.  In  the  fall  and  spring,  the  times  of  sudden 
weather  changes,  we  see  an  ordinary  cold  or  catarrh  in  children  change 
frequently  into  diphtheria,  or  other  similar  diseases. 

Blackley  considers  he  has  proved  that  hay  fever  is  caused  by  the  in- 
halation of  air  containing  pollen  in  considerable  quantity,  which  adheres 
to  the  membranous  lining  of  the  larynx  and  air-passnge  and  causes  secre- 
tion from  these  parts.  A  solution  of  quinine,  which  is  destructive  to 
minute  forms  of  life,  has  been  shown  by  Ilelmholtz  to  be  an  effective  ap- 
plication in  cases  of  this  disagreeable  malady. 

Tyndall,  in  1870,  gave  us  a  means  of  investigation  supplementary  to 
the  microscope,  and  of  extreme  delicacy.  He  proved  that  particles, 
which  in  a  liquid  are  quite  invisible  under  an  object  glass  readily  show- 
ing bodies  of  irto^nnff  of  an  inch  in  diameter,  were  revealed  with  greatest 
ease  by  means  of  a  beam  of  light.  If  the  air  weie  pure,  a  beam  of  sun- 
light, travoraing  a  darkened  room  would  be  invisible  except  where  it 
struck  upon  the  wall.  The  scattering  of  the  light  by  floating  dust  and 
living  organisms  makes  the  track  luminous  to  the  naked  eye.  We  may, 
to  a  certain  extent,  see  these  impurities  dancing  in  a  beam  of  light 
which  enters  through  the  shutters  into  a  darkened  room. 
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Dr.  Smith  made  an  experiment  with  a  bottle  holding  five  litres,  which 
was  refilled  five  hundred  times  with  Manchester  air.  Dancer  in  examin- 
ing this  quality  of  air  with  magnifying  powers  from  120  to  1,600  diameters 
of  an  inch  found  the  following  bodies : 

1.  Particles  of  vegetable  tissue,  many  of  them  partially  burnt  and  quite 
brown  in  color. 

2.  Fragments  of  vegetation  resembling  in  structure  hay,  straw  and  hay 
seeds. 

3.  Hairs  of  plants  and  fibres  resembling  fiax. 

4.  Cotton  fibres  both  white  and  colored. 

5.  Starch  granules. 

6.  Wool  white  and  colored. 

7.  In  greatest  abundance  fungoid  matter,  spores  and  sporidia  varying 
in  size  from  ^^  i^j^  to  ^^^^^(y^'of  an  inch  in  diameter. 

Many  of  the  spores  were  living  and  developed  forms  resembling  rust  and 
mildew.  A  calculation  was  made  as  to  their  number  in  the  following 
manner : 

Under  each  field  of  the  microscope  there  were  more  than  one  hundred 
spores.  In  each  drop  of  liquid  there  were  over  250,000  ;  the  whole  quan- 
tity consisting  of  one  hundred  and  fifty  drops  there  were  in  this  water  no 
fewer  than  37^  millions  of  spores  visible.  This  quantity  of  air  is  the 
amount  respired  by  an  average  sized  man  actively  employed  during 
ten  hours  in  Manchester. 

There  is  then  hope  that  science  soon  will  trace  the  source  of  many  if  not 
all  of  those  mysterious  deadly  diseases  and  epidemics,  and  in  finding  their 
source,  the  remedy  and  preventive  will  be  furnished  at  the  same  time.  So 
much,  however,  is  now  already  known  that  those  destructive  minute  or- 
ganisms in  company  with  the  well-known  poisonous  and  noxious  gases, 
originate  principally  in  localities  where  vegetable  and  animal  matter  are 
decomposing  ;  in  thickly  populated  cities,  on  and  underneath  the  pave- 
ment, gutters,  yards, — in  swamps  and  rivers  into  which  sewers  throw 
their  contents.  Here  the  air  must  become,  so  to  say,  saturated  with 
these  deadly  poisons.  We,  therefore,  understand  that  thoughtful  people 
abhor  such  places,  and  fiee  away  from  them.  But  as  the  air  loaded  with 
these  deadly  poisons,  does  not  stay  where  it  generates,  nor  ilow  promis- 
cuously in  all  directions,  it  becomesof  some  importance  to  know  where  we 
have  to  go,  so  as  not  to  meetit;  and  here  comes  the  youngest  of  the  physical 
sciences.  Meteorology  to  our  assistance.  In  a  lecture  which  I  had  the 
honor  of  delivering  before  you  some  two  years  ago,  I  showed  that  air 
in  its  motion  follows  strict  laws  the  same  as  water,  and  that  the  direc- 
tion and  nature  of  its  currents  are  dependent  upon  the  season,  the  configu- 
ration and  nature  of  the  surface  of  the  earth .  According  to  these  laws  we 
experience  in  our  latitude  during  Summer  a  prevailing  current  from  the 
southern  semi-circle  principally  from  the  southwest,  south  or  west ;  in  the 
Winter  a  prevailing  current  from  the  northern  semi-circle,  principally  from 
northwdst  and  north.  Air  of  the  same  temperature  or  currents  flowing  in 
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the  same  direction  do  not  mix  much.  Thus  an  offensive  air-current 
coming  from  the  opening  of  a  large  culvert  would  be  perceived  over  a 
distance  of  5  to  6  blocks,  but  only  in  space  corresponding  in  width  and 
depth  to  the  openiog  from  whence  it  issues.  As  the  development  of  or- 
ganized life,  as  well  as  of  other  noxious  elements,  in  the  air  takes  place 
principally  during  the  warm  season,  when  the  prevailing  wind  in  our  lati- 
tude comes  from  the  southwest,  it  follows  that  a  house  or  a  city  to  the 
north,  northeast,  or  east  of  a  source  of  such  disease-brewing  miasmas 
cannot  be  healthy,  whether  they  lie  high  or  low,  or  even  if  they  are  far 
off  from  this  source ;  but  if  they  are  situated  to  the  south,  southwest  or 
west,  of  such  a  hot-bed  of  miasma,  they  will  not  suffer  from  such  locali- 
ties, even  if  it  is  close  by  and  on  low  ground.  As  the  miasma  carrying 
southern  current  is  warm  and  rises  over  the  highest  mountains,  i  z  certainly 
will  reach  a  house  or  a  city  lying  10  or  100  feet  higher  than  a  swamp.  I 
know  houses  close  to  a  swamp  or  river,  those  southwest  of  them  are  per- 
fectly healthy,  while  those  much  further  off,  higher  and  to  the  north- 
east of  them  are  uuinhabitable  on  account  of  malarial  fever.  Illus- 
trations of  this  !ipparent  anomaly  are  frequent.  Along  low  swampy 
rivers  in  summer  you  will  find  the  eastern  shore  unhealthy,  while 
tlie  western  shore  is  healthy.  To  bring  matters  home  to  us,  I 
would  say  that  West  Philadelphia  generally,  even  the  Almshouse  and 
Pennsylvania  University,  so  close  to  the  swamps  of  the  Schuylkill, 
enjoy,  diiHng  the  dangerous  warm  season,  the  purified  air  from  ag- 
ricultural Delaware  county,  while  the  fashionable  residences  along 
tbc  eastern  shore  of  the  Schuylkill  are  most  exposed  to  the  mi- 
asmatic air  from  the  Schuylkill,  into  which  the  sewers  throw 
their  contents,  from  the  swamps  along  its  western  shore,  and  from  the 
lower  portion  of  the  city.  Camden,  situated  to  the  east  of  two  such  rivers, 
with  their  swamps,  and  an  artificial  swamp  between  them,  this  ci.  y  has  still 
more  to  suffer.  A  friend  wishing  to  buy  a  house  upon  the  western  slope 
of  Brooklyn  Heights  was  advised  by  physicians  to  choose  rather  the 
eastern  side ;  since  upon  the  western  slope,  even  at  the  summit,  malarial 
fevers  are  more  numerous  and  more  virulent.  The  reason  for  this  is  obvi- 
ously that  the  wind  which  brings  the  miasma  from  the  river  and  the  low 
lands  to  the  west  and  southwest  is  a  warm  one,  and  thus  reaches  tlie 
highest  point  west  of  Brooklyn  Heights,  but  panses  high  above  the  lower 
land  to  the  cast.  As  little  as  any  of  us  would  like  to  drink  the  water  of 
a  river  in  which  decomposition  from  vegetable  and  animal  matter  is  go- 
ing on,  so  little  would  we  like  to  drink  out  of  an  air  current  saturated  much 
more  with  poisonous  gases  and  destructive  organisms,  if  our  eyes  and 
tongue  were  sensible  of  it.  This  is  the  reason  why  a  house  in  the  west- 
ern portion  of  a  city  is  more  healthy  than  one  in  the  eastern  or  northern 
portions,  and  why  cities  extend  to  the  west,  not  to  the  north,  except 
where  impediments  determine  their  direction ;  in  this  case  those  living 
most  to  the  north  will  have  to  pay  the  penalty  in  the  rate  of  death.  This 
is  also  the  reason  why  in  a  well  regulated  city  no  noxious  factories  should 
be  allowed  on  'its  western  or  southern  side,  such  as  the  limekiln  above 
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Chestnut  street,  the  gas  works  above  Market  street,  cemeteries,  etc. 
Any  one  who  wants  practical  illustrations  of  the  different  effects  of  the 
same  air  current  on  the  western  and  eastern  side  of  the  Schuylkill,  may 
pay  attention  to  his  breathing  before  and  after  passing  the  Chestnut 
street  bridge.  It  is  also  a  reason  why  the  streets  of  a  city  shovdd  run  from 
southwest  to  northeast,  and  from  northwest  to  southeast,  in  order  that 
during  the  warm  season  the  prevailing  currents  could  ventilate  them  and 
change  the  poisonous  air  which  generates  in  the  streets  and  yards.  It  is 
probably  the  reason  why  in  cities  certain  diseases  become  epidemic  as  it 
enlarges,  which  before  are  comparatively  unknown. 

How  the  direction  and  nature  of  prevailing  air  currents  affect  the 
health  of  cities  can  be  seen  by  comparing  the  rate  of  death  in  two  suc- 
cessive years,  of  which  one  brings  quite  a  tropical,  the  other  a  more  arc- 
tic climate,  during  summer.  This  would  seem  to  be  due  fully  as  much 
to  miasma  as  to  the  direct  effects  of  the  heat  on  the  system. 

The  Public  Ledger  of  July  14,  1874,  had  an  article  comparing  the 
health  of  Philadelphia  for  the  period  June  15th  to  July  15th,  of  the  years 
1872,  1873  and  1874,  in  which  the  writer  seems  to  ascribe  the  improvement 
manifested  to  better  arrangements  in  city  government.  This  pf  course 
would  have  its  effect,  but  the  difference  seems  to  me  unquestionably  due 
in  large  part  to  the  difference  in  the  prevailing  air-currents. 

From  the  data  the  Ledger  article  furnishes,  I  have  compiled  the  follow- 
ing comparison  of  mortality  in  the  principal  diseases,  which  is  very  strik- 
ing in  view  of  the  fact  that  in  June  and  July  of  1873,  the  prevailing  cur- 
rents were  from  the  southern  semi-circle,  and  in  the  same  time  of  1874, 
from  the  northern  semi-circle  : 


1872. 

1874. 

POLAR  CUBBEMT. 

Adults 

ia5 

1118 

51 

Minors 

301 

Cholera  infantum 

713 
96 
84 
96 
81 

111 

Marasmus 

56 

Debility  in  Infants 

38 

Convulsions 

49 

Cholera  morbus 

1 

I  have  compared  1872  and  1874,  because  the  contrast  is  strikingly 
marked  ;  the  mortality  during  the  same  weeks  of  18 7S  was  about  midway 
between,  in  conformity  with  the  air-ourrents. 

The  whole  subject  is  of  the  greatest  interest  and  the  utmost  import- 
ance ;  and  the  field  of  inquiry  a  very  wide  one,  promising  the  most  satis- 
factory  results. 

I  have  given  these  few  suggestions  merely  to  call  attention  to  the  sub- 
ject. 
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Diseussion, 

Mr.  Walter  remarked  that  he  considered  the  imperfect  construction  of 
ewers,  cess-pools  and  traps  connected  with  sinks  and  water-closets  as 
the  great  source  of  many  of  our  worst  diseases.  We  have,  it  is  true,  a 
very  general  under-ground  drainage  throughout  our  city,  but  that  is  not 
all  we  need ;  our  sewers  and  ducts  may  all  be  well  enough,  as  far 
as  they  go,  but  unless  it  is  rendered  absolutely  impossible  for  the  foul 
air  they  contain  being  forced  back,  through  imperfect  traps,  into  our 
dwellings,  we  had  better  have  no  underground  drainage  at  all. 

Careiessly-jointed  pipes,  inferior  fittings,  badly-constructed  traps,  and 
nnventilated  soil  pipes  cannot  fail  to  admit  the  sewer  gas  into  our  houses, 
which  becomes  a  prolific  source  of  disease  and  death.  Pipes  which  drain 
bath-tubs  and  washstands  are  often  introduced  into  soil  pipes  without 
trapping,  and  thus  become  conduits  to  convey  the  worst  of  sewer  gases 
into  our  chambers ;  and  even  when  such  pipes  are  trapped  the  work  is  so 
unskillfully  done  as  to  render  the  traps  liable  to  be  siphoned  ouc  by  de- 
scendicg  water  from  above.  lie  stated  that  he  had  a  case  of  this  kind  to 
happen  in  a  house  of  his  own,  where  the  plumbing  was  admirably  done- 
it  was  an  oversight,  soon  corrected,  but  there  should  be  no  oversights 
in  the  plumbing  of  a  house.  Nothing  about  house-building  demands  our 
consideration  more  seriously  than  the  work  of  the  plumber. 

Another  evil  exists  in  the  imperfect  construction  of  sewers,  and  a  want 
of  skill  in  their  design  and  location.  Many  sewers  discharged  into  tide- 
water with  their  openings  so  much  depressed  as  to  bring  the  top  below 
high  tide  ;  this  causes  a  fiow  when  the  tide  is  up,  which  forces  the  air 
back  through  traps  and  cess-pools  with  £freat  power,  and  if  sufficient 
vent  is  not  found  the  sewer  will  rupture  in  its  weakest  spot.  He  re- 
marked that  he  knew  of  a  case  of  this  kind,  Where  the  water  and  filth 
were  forced  several  feet  above  the  pavement — nothing  will  make  a 
sewer  so  located  safe,  but  an  ample  ventilating  shaft,  properly  con- 
structed. 

Besides  these  sources  of  disease  and  discomfort  there  are  others,  many 
of  which  were  alluded  to  in  the  interesting  paper  just  read  to  the  Society 
by  Dr.  Blazius.  This  subject  may  well  engage  the  most  careful 
study  of  the  scientist. 

Dr.  Horn  said  : 

While  there  are  atmospheric  influences  affecting  the  health  of  the 
masses  generally,  in  cities,  which  are  at  times  troublesome  or  next  to  im- 
possible to  obviate,  tliere  are  causes  within  the  dwellings  of  our  population 
no  less  potent,  and  which  are  entirely  within  our  control. 

It  has  been  noticed  by  many  not  members  of  the  medical  profession 
til  at  typhoid  fever,  scarlatina  and  diphtheria  prevail  with  great  frequency 
among  the  better  classes  of  our  population  (especially  typhoid  fever) ; 
and  to  such  an  extent  has  this  prevailed  that  scarcely  a  family  is  found  in 
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which  no  one  of  the  members  has  been  affected,  while  in  many  several 
cases  have  occurred.  This  prevalence  may  be  thought  all  the  more  re- 
markable when  we  consider  the  great  external  and  internal  cleanliness  of 
the  houses  of  our  better  classes  of  citizens. 

There  can  be  but  little  doubt  that  our  house-drainage  has  contributed 
more  to  the  detriment  of  the  health  of  the  above-mentioned  citizens  than 
those  causes  which  are  generally  complained  of.  Owing  to  faulty  con- 
struction of  the  drain-pipes,  sewer  gases  find  ready  entrance  into  our 
houses  and  in  certain  directions  of  the  wind  and  during  a  high  tide  these 
gases  are  driven  backward  from  the  mouths  of  the  main  sewers,  and  the 
offensive  odors  are  perceived  in  the  rooms  in' which  are  water-closets  or  sta- 
tionary wuhstands.  These  gases  force  themselves  through  the  usual 
traps  because  tfiere  is  no  other  ineans  usually  provided  for  their  exit. 

Every  house  provided  with  a  system  of  under-drainage  should  have  a 
draft-pipe  of  large  size  leading  from  the  drain  upward,  in  a  straight  line 
above  the  roof  of  the  house  and  open  at  the  top  so  that  a  free  draft  may 
be  allowed.  Into  this  all  water-closets  or  other  waste-pipes  should  enter 
at  a  right  angle,  after  a  proper  trap,  and  no  waste-pipe  should  empty 
into  any  conductor  unless  the  latter  extend  above  the  roof  and  be  open 
at  the  top.  Any  attempt  at  obviating  the  evil,  such  as  small  draft- pipes 
from  each  water-closet  to  a  chimney,  etc.,  has  been  proven  practically  to 
be  of  no  value. 

The  fault  in  the  constructioa  of  the  water-closets  consists  in  placing 
that  of  the  upper  story,  practically  on  the  end  of  the  main  conducting 
pipe,  and  it  is  for  this  reason  that  it  has  been  noticed  that  water-closets 
which  are  highest  in  the  house  are  most  offensive.  Thus  no  external 
draft  for  gases  is  allowed  for,  and  their  entire  volume  must  be  discharged 
in  the  house,  greatly  to  the  detriment  of  the  health  of  the  inhabitants. 
The  remedy  suggested  is  easy  of  accomplishment,  cheap,  and  effectual. 

The  ordinary  methods  of  warming  our  houses  by  means  of  heaters  of 
varying  construction  in  the  cellars,  have  without  doubt  some  effect  on 
those  who  breathe  the  air  sent  through  the  house /r<?m  the  cellar.  Cellars 
are  not  usually  the  cleanest  portions  of  dwellings,  and  are  too  often  left  to 
the  care  of  servants,  to  become  the  respositories  of  rubbish,  and  at  times 
filth,  whicb  accummulate,  and  the  usual  dampness  of  cellars  together 
with  the  even  temperature  maintained  are  favorable  to  slow  putrefactive 
processes,  which  yield  germs  by  no  means  harmless.  There  can  be  but 
one  remedy  for  this  evil.  All  air  to  be  distributed  in  a  heated  form  should 
be  drawn  from  the  external  atmosphere,  and  as  hot  air  is  distributed  by 
means  of  pipes  so  also  can  pure  air  be  obtained  from  the  outside  and 
taken  directly  to  the  hot  chamber  of  the  heater^ 

These  remarks  are  necessarily  short,  but  will,  I  hope,  serve  to  call  the 
attention  of  architects,  and  builders  to  at  least  two  very  serious  defects  in 
the  <* better  class"  of  houses. 
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♦Allison,  .T 487 

Armstrong,  G 180 

*«laiiu8,  W 646 

Brown,  J.  0 18 

t  »Camac,  W 18 

♦Campbell,  .T.  I, 639 

•Carll,  J.  F 646 

Chandler,  C.  F 437 

(>bapman,H 437 

♦Clarke,  J.  F 185 

♦Drown,  T.  W 639 

♦Frank,  KG 437 

♦Hagert,  H.  S 437 

•Hall.  C.  E 645 

♦Himes,  O.  F 186 

♦Ingham,  W.  A 437 

fKenderdine,  R.  S 186 

•Kirtland,  J.  P 422 

♦Koibe,H 8 

♦KOnIg,  G.  A 186 

*I..anKley,  S.  P 437 

*L«apham,  I.  A 8 

•Lockyer,  J.  N 18 

Maxwell,  a.  C 646 

♦Young,  C  A 


•McArthur,  J 437 

•Moore,  O.E 646 

tPearse,  J.  P 422 

fPonington,  E 437 

•Piatt,  F 180 

•Prime,  F.»Jr 437 

Proctor,  R.  A 18 

♦Pumpelly,  R ...  18 

•Rawson.R.W 186 

•Raymond,  K.  W 437 

♦Sa<!tler,  S.  P 186 

♦Selwyn,  A.  R.  0 186 

•Shcppani,  F 646 

Sherwood,  A 646 

•Smlth,St 646 

Tatham,  W.  P 437 

fThayer,  R.,  Jr 646 

fThompson,  R.  E 18 

fThomson,  Fr 18 

VIollet-le-Duc 487 

♦Von  Hauer,  Fr 186 

♦Wahl,  W.  H 8 

t*WiIson,  J.  M 8 

♦Woodward,  H 180 

fWootten,  J.  E 8 

18 


Member  who  has  Declined. 

Browne,  J.  C 176 

Member  /^esi^ed. 

Smith,  L.  P i 421 
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Members   Deceased. 

Page. 

AgagBiz,  Louis 6    I    Lyell.C 428 

Beaumont,  Klie  de 18*        Naumann,  C.  F 2 

BlDncy,H 639    I    Norrls,  G.  W 429 

Brown,  N.  B 433    I    Phillips,  J 175 

Condle,  D.  F 434    i    Proctor,  Wm 10 

Emerson,Q 180        Quetelet,  M.  C 13,174 

Goddard,K 646    |    Read,  J.  M 190 

Oummere.  S.  J 187    j    Shurtleff,Nat 423 

Harrison,  Jos 16    I    Sumner,  Charles 13 

Henderson,  A.  A 435    j    Towne,  J.  H 435 

Kiernan,  F 423    |    Trc^o,  O.  B 188 

Lapham,!.  A 643    ,    Whitman,  W.  E 639 

Logan,  W.E 638    1    Wyman,  Jof. 183 

Obituary  Notices  Read, 

Price,  E.K.;  Obituary  Notice  of  John  Meredith  Read 271-283 

Roberts,  S.  W. ;  "  "     O.  B.  Trego 356-358 

Sellers,  Coleman ;        "  **     Joseph  Harrison 347-350 

Photographs  of  Members  Received. 

Alexander,St 183    I    Peter,  R 423 

Birch,Mr 640    '    Rogers,  F 177 

Green,  T 187    ;    Sad  tier,  S.  P 433 

Jarvis,  E 8        Sumner,  C 177 

Meohan,  T 183    i    Thomson,  R 432 

Stated   Meetings. 

January  2  1874,  to  April  17,1874 1 

May  1, 1874,  to  December  18, 1874 174 

January  1, 1875.  to  May  21, 1876 418 

Juno  18, 1875,  to  Dccemr>er  17, 1875 635 

Annua!  Elections. 

.January  2, 1874  ;  January  1, 1876 4,  420 

Treasurer  pro  tem.  elected ; 180 

Librarian  elected  7,422 

Corrcsponden  ce. 

Academy  of  Sclenoes,  Chicago 436 

Agassiz,  Alex 182 

Beck,  G 15 

Blasiu8,W 174 

Boston  Athontpum 421 

Channing,  W.  F 175 

Commissioners  at  Breslau,  on  J.  R,  Meyer's  Doctrine  of  Heat 16 

CJongr^s  Internationale  des  Am^ricanistes 421 

Da  Costa,  Dr 179 

Department  of  the  Interior,  U.  S 435 

Dexter*8  Rust  of  Agassiz 1 

Everson,  E.  W 15 

Falrman,  Mr 174 

Flagg,  W.  O 187 

Guliot,  M.  F.  P.  G 186 
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Page. 

Herschel,  Cap.  J. 1 

Holden,  W 432 

Holland  Society  of  Sciences,  Haarlem 190 

Indian  Sculpture 13 

Klrtland,  J.P lU 

K.  K.  Geol.  Reloh,  Vienna 1,421 

K  rauss,  Fr 1 83 

Langley,  S.  P 428 

Lieed*8  Philosophical  and  Literary  Society 185 

Leorgro,  T 178 

Linnean  Society  of  Normandy 427 

Liinncan  Society  of  Lyons 421 

London  Horticultural  Society 421 

Naumann,  Dr.  Ernst 1 

New  Jersey  Natural  History  Society 432 

Noury,  Konol&re  de 299 

Ohio  State  Librarian ^ . . .  188 

Patterson,  R 174,646,49,50 

Putnam  AcSons  (Amherst  College) 419 

Kantoul  Literary  Society 183 

Renard.  M 646 

Royal  Prussian  Academy 439 

Royal  Belgian  Academy  (Quotolet^s  Monument)....* 421 

Royal  Geographical  Society,  London 419 

Silcslan  Society  at  Breslau 13 

Society  of  Biblical  Arohwology  at  London 641 

Socl^t^  de  Science  Naturello  de  Strasbourg 178 

summers,  S.  V 15 

Travers,  G 182 

Trubner  &  Co 4.39 

WaWhelm,  Fischer  de  (Semlcentennary ) 687 

Whittakcr,  W 427 

Williamson,  R.  S 427 

Business  of  the  Society. 

Building  Fund  Trustees*  Report 425 

Hall  Telegraph  ordered 432 

Hall  Repairs 426,637 

Hall  Furniture 428 

Hall  Tenancy  by  the  City 428 

MIchaux,  Committee  of  Botanists 192,  299 

Michaux  Grove  (E.  K.Price) 183 

Appropriation 192 

J.  O.  Cresson 300 

Interest 10, 176,  ,190,  439,  640, 648 

Legacy  Report 426 

Peale  Collection 646,649,650 

Franklin's  Portrait 192,433 

Photograph  Album  Ordered 433 

Proceedings,  Not  to  be  sold 184 

Edition  to  be  1250 649 

New  Correspondents  Placed  on  the  List. 

Royal  Asiatic  Society  of  Japan 17 

Society  of  Sciences  at  Cherbourg 5 

Geological  Magazine,  London 428 
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Memoirs  for  the  Transactions, 
Allen,  Dr.  p^S'*- 

Life  Forms  In  Art 11,16,116,177,179 

Cope,  E.  D. 

Supplement  to  the  Extinct  Batrachia  and  RcptUIa  of  North  America 9 

Written  Communications  in  the  Proceedings. 

Barker,  G.  F. 

New  Vortical  Lantern  Galvanometer,  with  Cuts 440, 446 

Blasius,  W. 

On  the  connection  of  Meteorology  and  Health 687-671 

Blodget,  L. 

Downward  Atmospheric  Olrculation  as  one  Cause  of  Extreme  Cold 150, 163 

Brinton,  D,  G. 

Dr.  Valentlni's  Theory  of  the  Mexican  Calendar  Stone 603-065 

Britton,  B. 

Analysis  of  Rocky  Mountain  Coals 350,  361 

Channing,  W  F. 

Meteorological  Peculiarities  of  New  England 154 

Chase,  P.  E. 

Origin  of  the  Attractive  Force 111-113 

Cosmlcal  Thermodynamics 141-147 

Saving  Fund  Life  Insurance 148,149 

Cosmlcal  Evolution 159-161 

Jupiter-Cyclical  Rainfall 103-194 

Cyclial  Rainfall  at  Barbadoes 195-216 

On  Oravitallug  Waves 344-346 

Lunar  Monthly  Rainfall  In  the  United  States 416-418 

On  the  Yearly  Rainfall  in  the  United  States 618.614 

The  Beginnings  of  Development 622-631 

Further  Relations  of  Magnetic  Gravitating  and  Luminous  Forces 607-612 

Further  Dynamic  Co-ordinations 651-658 

Cope,  E.  D. 

Abstract  of  Remarks,  January  16, 1874 110 

On  the  Plagopterinse  and  the  Ichthyologry  of  Utah 129-139 

On  the  Zoology  of  a  Temporary  Pool  on  the  Plains  of  Colorado 139.  140 

Synopsis  of  the  Yertebrata  of  the  Miocene  of  New  Jersey 861-364 

On  the  Remains  of  Population  on  the  Eocene  Plateau  of  Northwest  New 

Mexico 365,482 

Crebson,  C.  M. 

Results  of  an  Examination  of  an  Exploded  Locomotive 264-271 

Analysis  of  Rocky  Mountain  Coals 358-361 

On  the  Effect  of  Magnetic  and  (Galvanic  Forces  upon  the  Strength  of  Iron 

and  Steel 603-606 

Davidson. 

On  the  Transit  of  Venus  at  Nagasaki 423-426 

Delmar,  Alex. 

On  the  Resources,  Productions,  and  Social  Condition  of  Egypt 232-255 

On  the  Resources,  Ac,  of  Spain 301-344 


079 


Frazer,  p.,  Jr.  Pag'- 

On  the  Color  of  the  Moon 155 

On  the  Exfoliation  of  Socks  near  Getty eburg 295-297 

On  the  Limonitesof  York  County 364-370 

On  the  Traps  of  York  County 402-414 

Description  of  Microscopic  Sections  of  Trap,  &c..  with  plates 430-431 

FULTOX,   J. 

On  the  Somerset  County  Coal  Beds  in  Pennsylvania 167-158 

Gabb,  W.  M. 

On  the  Indian  Tribes  and  Languages  of  Costa  Rica. 483-602 

Genth,  F.  a. 

Investigation  of  Iron  Ores  and  Limestones  fh)m  Ore  Banks  on  Spruce 

Creek,  &c 84-09 

Reply  lo  Dr.  T.  Sterry  Hunt 216 

On  American  Tellurium  and  Bismuth  Minerals 223-231 

Grote,  a.  R. 

List  of  North  American  Platypterices,  &c 256-264 

Hall,  C.  E. 

On  Glacial  Deposits  at  West  Philadelphia 633-634 

Hoffman,  W.  J. 

On  Cremation  among  the  Pah-Ute  Digger  Indians 297-298,  414-416 

Houston,  E.  J. 

On  a  Supposed  Allotropio  ModiUcation  of  Phosphorus 108-110 

KoNiO,  G.  A. 

On  an  Improvement  of  the  Burette  Valve,  with  cuts 218-223 

LtiSLEY.  J.  P. 

On  the  Geology  of  the  Brown  Hematite  Ore  Banks  of  Spruce  Creek,  War- 
rior's Mark  Run,  &o.,  with  44  woodcuts  and  a  map 19-83 

MAR8H,  B.  V. 

On  the  Latent  Heat  of  Expansion  in  Connection  with  the  Luminosity  of 

Meteors 114-129 

OUTERBRIDGE,  A.  E.,  Jr. 

On  Electrical  Spectra  of  Metals,  with  wood-cuts 161-173 

Price,  E.  K. 

Obituary  Notice  of  Chief  Justice  Read 271-183 

Roberts,  S.  W. 

Obituary  Notice  of  C  B.  Trego 366-358 

fc>ADTLER,  S.  P. 

On  a  New  Occurrence  of  Tartronlc  Acid ;  and  on  Glyceric  Acid 615-619 

Sellers,  C. 

Obituary  Notice  of  J.  Harrison 347-355 

Stevenson,  J.  J. 

On  the  Alleged  Parallelism  of  Coal  Beds 283-295 

Notes  on  the  Geology  of  West  Virginia,  with  a  map 870-402 

On  the  Geological  Relations  of  the  Llgnltic  Groups  of  the  Far- West 447-476 

Williamson,  R.  S. 

On  Meteorological  Observations  taken  on  the  Nile,  in  1873 ;  with  tables,..        632 
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Vicrbal  Commnnications, 
Barker.  i*flfl'<?. 

On  a  New  Lecture  Qalvanomcter 438 

Blasius. 

On  the  Tornado  of  August  22. 1831 14 

Blodget. 

On  Sudilen  Variations  of  Temperature 175 

On  the  Vertical  Descent  of  the  Atmosphere 439 

Briggs. 

On  the  Tornado  of  August  22. 1851 14 

On  an  Explosion  at  the  Hospital 419 

On  Some  Principles  of  Meteorology 641 

Brinton. 

On  Dr.  Vialentini's  Memoir 643 

Britton. 

On  Boclry  Mountain  Coal  Beds , 187, 191 

On  Burettes 188 

Carson. 

On  the  Franklin  Portrait 433 

Chase. 

On  the  Velocity  of  Light 9 

On  a  New  Plan  of  Life  Insurance 16 

On  Myer's  Theory  of  Heat 18 

On  C^osmical  Evolution 177 

On  the  Rainfall  in  the  Years  of  .Tuplter 179 

On  the  Lunar  Cyclical  Rainfall 179 

On  the  Magnitude  of  Gravitating  Waves 420 

On  the  Bunscn  Gas  Burner 429 

On  Gov.  Kawson's  Meteorological  Observations 430 

On  the  Signal  Service  Charts 640 

On  the  Beginnings  of  Development 641 

CorE. 

On  the  Osteology  of  the  Artlodactyls 7 

On  the  Cretaceous  Coal  Beds 7 

On  the  Extinct  Batrachia  of  North  America 10 

On  Orton's  Expedition ^ .  11 

On  Colorado  Fish •. 13 

On  the  Zoology  of  a  Temporary  Pool  14 

On  Eobasllcus  Galeatus 17 

On  the  Miocene  Vertebrata  of  New  Jersey 429 

On  Architectural  Remains  in  New  Mexico 636 

Creshon,  C.  M. 

On  Tliompaon's  Colorimeter 10 

On  the  Eli'ects  of  a  Llgntnlng  Stroke 10 

On  Analyfis  of  Mammoth  Coal 175 

On  a  Lt>c<)motlvo  Boiler  Explosion 180 

On  Kocky  Mountain  Coals 191 

On  a  New  Bunscn  Gas  Apparatus 429 

On  Sections  of  the  P:ilengowan  Coal 429 

On  Thermo-electric  Currents 440 

On  the  Action  of  Magnetism  on  Iron 636,638 

Crepson,  J.  C. 

On  the  Purchase  of  Michaux  Oaks 300 
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Davidson.                                                                                             Page, 
On  the  Transit  of  Venus 423 

Delmar. 

On  Eg^yptlan  Statistics 184 

On  Spanish  Statistics 422 

Dubois. 

On  Assaying  Metals  at  the  Mint * 177 

Emeuson. 

On  the  Peach  Growing  Belt 175 

Fraley. 

On  the  City  Tenancy  of  the  Hall 428 

Frazer. 

On  the  Color  of  the  Moon 2. 176 

On  a  Notation  for  Organic  Compounds 18 

On  Certain  Mineral  Formulas 180 

On  the  Exfoliation  of  Granite 1»2 

On  a  New  Retort 419 

On  Tyndall's  Critics 420 

On  Titanic  Iron 430 

On  Microscopic  Sections  of  Trap 430,  438 

On  York  County  Limonitos 433 

On  the  Glaciation  of  the  South  Mountains 647 

Fulton. 

On  the  Coal  Beds  of  Somerset  County 176 

Garb. 

On  the  Indians  of  Costa  Rica 638 

Genth. 

On  Recent  Analyses  of  Limonitcs 0,  84 

Reply  to  Dr.  T.  S.  Hunt 180 

On  American  Tellurium  Minerals 181,  636 

GOODFELLOW. 

On  the  Transit  of  Venus 191 

Grote. 

On  North  American  Liepidopterae 189 

Hoffman. 

On  Pah-Uto  Cremation 101,436 

IIaldeman. 

On  a  Sumatran  Coin 16 

Hall. 

On  Glacial  Action  at  the  (laps 620,641 

On  Glacial  Blocks  at  Philadelphia 647 

Harden. 

On  Mining  the  Brown  Hematites 99 

On  a  Model  of  Coal  Lands  in  West  Virginia 177 

Horn. 

On  the  Death  bf  Trees  in  the  Park 10 

On  the  Health  of  Houses 672 

Houston. 

On  a  New  Form  of  Phosphorous 7 

On  an  Igneous  Rock  near  Philadelphia 16 

KoNIG. 

On  an  Improved  Burette  Valve 181, 191 

On  Pcrowskite  in  Arkansas 640 
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Le  Conte.  ^^9^' 

On  Cretaceous  Coals  in  the  West 7 

On  the  Zoological  Society's  Grounds 10 

On  a  Medallion  of  Agasslz 10 

On  Groto's  North  American  Liopldopterro 189 

On  Pah-Ute  Cremation 438 

On  the  Hhycophoraof  North  America 649 

Lesley. 

On  the  Warrior-Mark  Map 2.9 

On  Chance's  Port  Clinton  Fault 183 

On  the  Progress  of  the  Geological  Survey 185,  440 

On  Former  Mountains  at  Philadelphia 436 

On  Ashburner's  Coal  Beds  in  No.  X 638 

On  Hall's  Glacial  Blocks  at  Philadelphia 644 

On  Hargor's  Vernier 647 

Marsh,  B.  V. 

On  the  Luminosity  of  Meteors 12 

Oru. 

On  Phosphorus  Bronze 12 

Poole. 

On  the  Gold  Field  of  Nova  Scotia  189 

PllICE,   E.   K. 

On  the  Allchaux  Grovo 10, 183 

Price,  J.  S. 

On  the  Hal  1  Bepairs 42S 

Sadtler. 

On  Glyceric  Acid 641 

Smith. 

On  Mrs.  Davidson's  Letter 423 

Stevenson. 

On  West  V Irglnia  Geology 425 

t  »n  the  Lignitic  Coals  ol  the  West 636 

Stokes. 

On  the  Peach  Growth 175 

Stubbs. 

On  Indian  Sculpture 13 

AValter. 

On  Causes  of  Disease  In  Houses 672 

AVuakton, 

On  Artie  Expeditions 422 

Williamson. 

On  the  Meteorology  of  the  Nile 22 

Snbjcifs  Discussed  at  the  Meetings. 

Agassix  Mcjlallon 16, 17 

Albert  Medal  of  the  S.of  Arts 637 

Amazon  Expedition  of  Prof.  Orton 618 

Archajology  of  New  Mexico,  Cope 475 

A tnioKpheric  Circulation,  Blodget IfK) 

Attractive  Force,   (^hase Ill 

Bald-friar  Indian  Sculptures 13 

Bismuth.     Genth 181 

Boiler  Expiosion.   Cresson 180 
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Page. 

Boulders  In  West  Philadelphia «47 

Brontotherlum  Injens 2 

Bunsen  Gas  Apparatus.   Oresson 429 

Burette  Valre.    KOnlg.   Britton 181,188,191 

Coal  of  Somerset.    Fulton 167 

Coal  of  EUengowan.   Gresson 175,  429 

Coal  of  Rooky  Mountains.  Britton 187,191,858,361 

Goal  of  Rocky  Mountains.    Stevenson 447 

Goal  Beds  Discovered  In  No.  X.    Ashbumer ©38 

Goal  of  Big  Sowell  Mountain.    Hanion 177 

Goal  Beds  of  West  Virginia.    Stevenson 870-402 

Gold,  Gause  of  Unusual.    Blodget 150 

Golorof  the  Moon.    Frazer 2, 155 

Golorado  Prehistoric  Remains.    Cope 139 

Corundum.    Genth .' 180 

Gosmlcal  Evolution.    Chase 159 

Gosmlcal  Thermodynamics.    Chase 141 

Costa  Rica  Ethnology.    Gabb 483 

Cremation  among  the  Pah-Utes.    Hoffman 191,414 

Development,  Origin  of.    Chase 622 

Egypt's  Population,  &c.    Delmar 184 

Electrical  Spectra  of  Metals.    Outonbridge 162 

Eliede  Beaumont's  Statue 427 

EUengowan  Coal  Analyses.    Gresson 429 

Eobasileus  Galeatus.    Cope 17 

Exfoliation  of  Granite.    Frazer 192 

Explosion  at  Kirkbride's  Hospital.    Briggs 419 

Fault  at  Port  Clinton.    Chance 300 

FormulflB  for  Mineral  Species.    Frazer 180 

Fossil  Ore  at  Tyrone.    Lesley 102 

Galvanometer  for  Lectures.    Barker 438 

Geology  of  Spruce  Creek.    Lesley 19,  83 

Geological  Survey  of  Pennsylvania 185 

Geology  ot  Lake  Erie  Shore.    Lesley 440 

Geologyof  West  Virginia.    Stevenson 370,402 

Glacial  Drill  beneath  the  Virginia  Shore 18 

Glacial  Action  at  the  Water  Gaps.    Hall 620 

Glacial  Moraine  at  Philadelphia 633,644 

Glaciatlon  in  the  South  Mountains.... 647 

Glyceric  Acid.    Sadtler 615 

Gneiss  Mountains  Formerly  at  Philadelphia 436 

Gold  In  Nova  Scotia.    Poole 189 

Granite  Exfoliation.    Frazer 192 

Gravitating  Waves.    Chase 344,420 

Heating  Power  of  Coals.    Gresson 176 

Ichthyology  of  Utah.    Cope 129 

Ind  Ian  Sculpture  at  Bald-frlar 13 

Indian  Tribes  of  Costa  Rica.    Gabb 483 

Iron  and  Steel  Under  Magnetism.    Cresson 603 

Langdale(W.Va.)  Coal  Land  Model 177 

Langruages  of  Costa  Rica.    Gabb 483 

Latent  Heat  of  Meteors.    B.  V.  Marsh 114 

LepidopteroB  of  North  America.    Grote 189 

Llgnltic  Beds  of  the  West 187,  447 

Limonites  of  York  County.    Frazer 364.  370,  433 

Lunar  Monthly  Rainfall.    Chase 416-418 

Magnetic  Forces.    Chase 612 
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Tagt. 

Magnietism  on  the  Strength  of  Iron 603 

Mammoth  Coal  Bed 175 

Map  of  the  Schuylkill  Water  Gap 300 

Mcsozoic  Traps.    Frazer 402 

Metal-Spectra.    Outenbrldge 162 

Meteorological  Observations  on  the  Nile 632 

Meteorology Blodget,  i39 ;  Brig^B,    641 

Meteorology  of  New  England.    Ohannlng. 154 

Meteors,  Latent  Heat.    B.  V.  Marsh 114 

Microscopic  Sections  of  Trap.    Dana 430,432 

Miocene  Vertobrata.    Oope 361 

Moon's  Color.    Fraier 2, 155 

Moraine  at  West  Philadelphia.    Hall 683,644 

Now  Mexico.  Extinct  Race.    Cope 475 

Nile,  Meteorological  Observations 682 

Orton's  Expedition  to  the  Amazon 648 

Pah-Ute  Cremation 191 

Papyrns  Shai-n-iintin^  for  sale 182 

Peach  Belt  Movement.    Emerson 175 

Peale*8  Collection  of  Indian  Relics 174 

Perowskltein  Arkansas.    KOnig 640 

Philadelphia  Geology.    Lesley 436 

Philadelphia  Glaciers 633,644 

Phofcphonis,  Allotropic  Form 108 

Photographs 13, 174,  298 

PlagopterlnsB.    Cope 129 

POebrotherlum  (Leldy ).    Cope 110 

PortClinton  Fault.    Chance 183,200 

Rainfall.    Chase 416,614 

Retort.    Frazer 419 

Rhynchophora  of  North  America 649 

Saving  Fund  Life  Insurance 148 

Shai-n-Bin»in  Papyrus 182 

Signal  Service  Maps 175,  640 

Somerset  County  Coals.    Fulton 157 

Spain's  Population,  &c.    Delmar 301,  344.422 

Spruce  Creek  Geology.    Lesley 19,83 

Sy mboro<Ion  Trigonoceras 2 

Tartronlc  and  Glyceric  Aclfls.    Sadtler 615 

Tellurium  and  Bismuth  Minerals.    Genth 181,  636 

Thermo-electric  Currents.    ( ?re.«».«ion 440 

Transit  of  Venus.    Goodfellow 191 

Transit  of  Venus.    Pavidson 423,326 

Trap.    Frazer.    Dana 402,414,430,436 

Tyudall's  Address.    Frazer 420 

Tyrone  Fault.    Lesley 3 

Vernier.    Harger's 647 

Vertical  Lantern  Galvanometer.    Barker 440. 445 

Walrus  from  Accomac  Harbour 17 

Warrior  Mark  Valley  Geology 3, 19-83 

Water  Gap  Glacier.    Hall 620 

Welsh's  Copy  of  Franklin  Picture 433 

York  County  Limonlt cs  and  Traps 364,  370,  402,  438 

Zoology  of  a  Pool  In  Colorado.    Cope '. 139 
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